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1.0 SUMMARY

This report considers the utilization and the validation of a
computer program designed for aircraft interior noise predic-
tion. The program, entitled PAIN, permits (in theory) pre-
dictions of sound levels inside propeller driven aircraft '
arising from sidewall transmission. The objective of the
present work is to determine the practicality of making pre-
dictions for various airplanes and the extent of the program's
capabilities. \The ultimate purpose is to discern the quality
of predictions for tonal levels inside an aircraft occurring
at the propeller bladeApassagé frequency and its harmonics.
This effort involves three tasks: |

1) program validation through comparisons of predictions
with scale-model test results,

2) development of utilization schemes for large (full
scale) fuselages, and

3) validation through comparisons of predictions with
measurements taken in flight tests on a turboprop
aircraft.

Findings should enable future users of the program to effi-
ciently undertake and correctly interpret predictions.




2.0 INTRODUCTION

PAIN (an acronym for Propeller Aircraft Interior Noise) is
a computer program that has been developed for predicting

sound levels inside an airplane caused by the rotation of

a propeller (of any design) alongside. PAIN can calculate
the tonal levels in the cabin space occurring at the pro-

peller blade passage frequency and its harmonics.

PAIN mechanizes an analytical model that can be found in
Reference (1). The program's Users' Manual, Ref. (2), con-
tains a basic overview of the mechanization and specifies
the input data requirements. There are some features of
the PAIN model that make it unique in interior noise work:

1)

2)

3)

it requires a precise description of the propeller noise
signature (pressure field) on the fuselage skin,

fuselage sidewall dynamic restraint offered by a struc-
turally integral stiffened floor in a ring-stringer
stiffened cabin shell is included, and

the acoustic modes of the complex cabin configuration
(with floor partition) are utilized; cabin acoustic and
fuselage structural modal losses are computed using the
sidewall trim properties,

Theoretical developments, experiments, and validation studies
that preceded PAIN and culminated in its invention are docu-
mented in Refs, (3) through (6). Some preliminary validation
of PAIN for propeller noise prediction is given in Appendix E
of Ref, (1). However the work reported herein should be con-
sidered the fundamental validation of the model. Here, the
quality of PAIN interior noise predictions is explored through




more extensive comparisons with scale-model and flight tests!’
results. The primary goal is to develop insight into the
use of PAIN as a tool to make reliable full-scale aircraft
predictionse.

2.1 The PAIN Model

The elements of the PAIN model include a fuselage and a Pro-
peller (Figures 1 and 2). The fuselage consists of a cylin-
der stiffened by ring frames4and stringers, and a floor that

+1s structurally an integral part of the fuselage. The in-

terior surface of the cabin (sidewall) is finished out with
a trim consisting of insulation covered with a lining. The
propeller rotates about an axis parallel'to the center line
of the fuselage. PAIN will predict the space average sound
pressure levels in the cabin space at each of the harmonmics
of the propeller (up to a maximum of ten (10) harmonics).

PAIN works with the pressure time histories (signatures) as
defined over the fuselage at a number of closely spaced
points on a grid that lies in the fuselage skin (Fig. 3)e
The pressures can be specified at up to 160 points on the
upper quarter surface of the fuselage nearest the propeller.
Fourier series are used to define the amplitudes and phases
of each harmonic (at each location). PAIN then generates
data for an identical grid on the lower quarter surface of
the fuselage nearest the propeller (using the data input
for the upper grid). The propeller data must be generated
with a propeller noise prediction program such as PROPFAN
(7) or NASA ANQPP (Aircraft Noise Prediction Program) (8).

Structural properties of the cylinder and floor are required
as input data to compute the fuselage structural modes
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1 . ¢
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©

X =(a, 8, z) = Location of Free
m Field Prediction
Point
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FIGURE 2. PROPELLER AND FUSELAGE SURFACE POINT GEOMETRY [ 1]
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(resonance frequencies and mode shapes). Associated struc-
tural loss factors must be input if the cabin is bare, but
if trim is installed, the required modal loss factors are
computed for the particular trim installation (estimates
for the bare fuselage may still be input).

Similarly, acoustic modal properties of the cabin space (reso-
nance frequencies, mode shapes, and loss factors) are calcu-
lated from input data specifying the cabin shape (floor

angle, 8 os of Figure 1, and the cabin length) and the trim
properties, '

Transmission and absorption characteristics of the trim (at
a given frequency) are computed using input data for the
wave impedance and complex acoustic wavenumber in the insu-
lation, and the trim lining surface weight and its loss

factor (theoretically as measured installed).

A step-by-step procedure to be followed in parameterizing
the interior noise model is given in Section 3.0 of Ref. (2).
Elaboration on the procedure and on the preparation of input
data for full scale aircraft predictions is a major focus

of this report.

2.2 PAIN Program Description

The main program PAIN computes and outputs the interior sound
levels, It requires (as input) data that are generated by
four auxiliary programs. One of the auxiliary prdgrams cal-
culates the acoustic modal properties of the cabin, two

other programs the structural modal properties of the fuse-
lage, and a fourth the propeller noise field.

The acoustic modes are calculated with the program CYL2D which

-7-




determines the two-dimensional (cabin cross-section) modal
characteristics (floor present), conditions the results and
writes the data on a file (tape) for recall by the main
program. PAIN uses the data to generate the complete three-
dimensional modal set required for the noise predictions.

The structural modal data are generated with a program called
MRPMOD whose output is also to a file (tape) read by PAIN.

In addition to its own input data, MRPMOD reads two files
(tapes) that are used for output from the fundamental struc-
tural program MRP, MRP.computes the mode shapes and reso-
nance frequencies, and must be run twice, once for the symme-
tric modes and once for the antisymmetric modes, The two
files (tépes) created by these runs are read by MRPMOD, which
conditions these data for PAIN,

As stated, the propeller noise data must be calculated with
a propeller noise prediction program, such as the NASA
Langley PROPFAN (7) program or that of ANOPP (8), This aux-
iliary program is not part of PAIN as are the programs CYL2D,
MRP, and MRPMOD,

Section 4,0 of Ref., (2) should be consulted for an expanded
overall program description with accompanying flow chart,
Sections 5.0 and 6,0 of Ref, (2) deal with the input data re-
quirements and control cards.

2.3 Report Organization

In this report, comparisons are first made between predictions
and measurements from a set of scale model experiments. Next
consideration is given to the application of the PAIN program
to real aircraft, and to the development of utilization
schemes that will allow its efficient use on a full scale




airplane., Comparisons are then made between PAIN predictions
and flight test results for a particular propeller-driven
airplane, ‘




3.0 SCALE-MODEL TESTS AND COMPARISONS

The tests considered in this section provide results for the
most direct type of comparison of PAIN predictions and
meésurements. All of the basic elements of the analytical
model are present in the test hardware and the test rig.
Nothing is present that does not have an analytical counter-
"part. The PAIN model (Figure 1) is a propeller excited seg-
ment of a cylindrical fuselage stiffened by rings and string-
ers, with an integral stiffened floor and sidewall trim
(lacking wings and empennage). This is exactly the descrip-
tion of the scale-model hardware and test configuration

shown in Figures 4 through 7.1 When PAIN is applied to real
aircraft, the problem of fuselage modeling must be addressed;
- effects of non-uniformity of cross-section, presence of wings
and empennage, etc., may need to be examined, Here, how=-
ever, a simple question is asked: "How good are the in-
terior predictions given that the computer creates counter-
parts of all elements of the test?",

In the present tests, the propeller tones are much higher
around the propeller plane than near the end caps. The
transmission to the interior is overwhelmingly dominated by
sound passing through the cylinder wall. Because of this,
the tests are free of problems introduced by the end caps.

It is evident that the tests simulate, in a realistic physi-
cal manner, the transmission of propeller noise into an air-
plane cabin., The basic physical mechanisms of propeller tone
transmission are, in fact, being duplicated in the test., It

! Illustrations of tests and hardware based on sketches

provided by C.M. Willis, NASA Langley Research Center,

-10-
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0.05T m
(2in.)

0.00081 m (0.032 in.) skin
1.016 m (40 in.) diameter
x 1.82 m (72 in.) long

0.00051 m (0.02 in.)
stringer, 0.0095 x
0.017Tm (0.375 x 0.44 in.)

© Trim Lining &
Insulation /(
1
»,
- _ 0,508 R 20°
| —+(///// \
|
- v
0.038
0.279
¥) |
~ :
\\- _ _
Q 4 &

— 0.00081 m (0.032 in.)
frame, 0.0158 x 0.038 m
(0.625 x 1.5 in.,) channel,
0.2 m (8 in.) spacing.

8 req'd.

0.00081 m (0.032 in.) floor beam,
0.0158 x 0.038 m (0.625 x 1.5) channel

1.79 m (70.75 in.) long

0.00081 m (0.032 in.) floor support at each frame

0.00081 m (0.032 in.)floor, 1.82 m (71.87 in.) long,

rivet to supports, bolt to skin, cutout to clear frames

bFIGURE 5. FUSELAGE MODEL [ 11
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is reasonable, therefore, to expect good predictions with PAIN
only if good physical modeling has been achieved, i.e., with
respect to the coupling of the propeller pressure field with
the sidewall and sidewall with the trim. Also the sidewall
and floor response must be properly predicted and their cou-
pling to the interior acoustic space adequately described.

The rapid decay of the pressure field away from the propeller
plane leads to the above conclusions.

3.5 Test Configuration

The test configuration is showm in Figure 4. The fuselage
and propeller are located downstream of a duct that supplies
air to simulate airplane forward velocity.

3.1.1 Fuselage®

The fuselage (Fig. 5) is a cylinder 1.83m (72 in.) long and
1.02m (40 in.) in diameter., The skin is 0.00081m (0.032 in.)
thick and is stiffened by eighteen (18) stringers spaced on
20° centers. The stringers are 90° angles having dimensions
of approximately 0.00953 x 0.00953 x 0.00051m (3/8 x 3/8 x
0,020 in.). They are riveted to the inside of the skin and
pass through cut-outs in eight (8) internal ring frames that
are spaced along the cylinder every 0.2m (8 in.) The frames
are aluminum channels with dimensions of approximately 0.016
X 0.038 x 0,00081m (5/8 x 1-1/2 x 0.032 in.).

The floor of the cylinder (Fig. 6) consists of a 0.00081m

2 Most of the descriptive information in this section
can also be found in Appendix E of Ref., 1.

-15-




(0.032 in.) plate stiffened by supports of the same thickness
spaced every O.2m (8 in.). The supports extend downward from
the floor to the bottom of the cylinder. There are also two
floor beams (channels of the same dimensions as the cylinder
ring frames) that run longitudinally, each located approxi-
mately O.14m (5.5 in.) from the center of the floor. The
width of the floor is 0.848m (33.4 in.) leading to a floor
angle 6 of 56.6 degrees (see Fig. 1). The outer edge of

the floor is bolted to the cylinder wall. The cylinder is
closed by 0.013m (1/2 in.) thick end caps that are used to
support the cylinder in the NASA Langley propeller test rig.
The entire fuselage assembly is constructed of 2024-T3
aluminum,

3.1.2 Irim

The end caps are lined (inside) with one layer of 0.0127m
(1/2 in.) thick Owens-Corning PF-105 Fiberglas having a
density of 9.61 kg/m3(0.6 lb/ft3)with a 0,00005m (0,002
in.) thick vinyl film facing. The circumference (or side-
wall) is lined with four layers of the same material; three
layers between frames and the fourth covering the frames.
The unfaced surface of the fiberglass insulation is exposed
inwardly, The finish trim is a sheet of epoxy/fiberglass
material with properties of a National Electrical Manufac-
turers Association (NEMA) G-10 (equivalent to Mil., Spec.
18177, GEE)., The thickness is 0,00079m (0.032 in.) and its
surface mass is 1.465 kg/m2 (0.3 lb/fta). The trim is hard
mounted to the floor and attached to the rings by nine soft
mounted screws (Fig. 7). A 120° sector of the trim surface
is covered with a sheet of vinyl (similar to automobile up-
holstery) of the same thickness, The total weight of the
trim is 6.58 kg (14.51 1b) with a surface area of 3.624 m°
(39 £t2) which averages out to 1.815 kg/m° (0.371 1b/ft3),

-16=




The 120° sector of vinyl on the trim simulates a similar treat-
ment in a well-known light aircraft. Its presence introduces
a small (and undesirable) discontinuity in the surface weight
of the trim but benefits the test by providing some damping

of the hard epoxy/fiberglass trim. The PAIN model is de-
signed to include a dissipative trim lining.

3.1¢3 Propeller

The propeller is a three-bladed, 0.3 scale Hartzell for a
Twin Otter aircraft with a diameter of 0.76m (30 in.). It

is driven by a 30 kw (40 horsepower) variable speed electric
motor capable of turning it up to 8000 rpm. The propeller
blades are Series 16 airfoils. The clearance between the
blade tip and cylinder wall is 1/10 of the propeller diameter
or 0,076m (3 in.). In all tests the blade pitch is fixed at
20°. A

3.2 Description of Tests3

The primary tests of concern here are those where the interior
noise was measured as the propeller turned at different speeds.
In the present study, three speeds are considered: 3000,

4,000, and 5000 rpm. The airflow velocity in all three cases
is 23.8 m/s (78 ft/sec), or about 46 knots,

In the propeller tests, with the model fuselage in place, the
only acoustic measurements were of the sound levels inside the
cylinder, These were taken with an array of eleven (11) micro-

5 Tests reported herein were performed at NASA Langley
Research Center,



phones spaced along a cylinder diameter to represent measure-
ments over equal annular areas (Figure 8). The array was
positioned at four axial stations, £/L = 0.125, 06375,
0.625, and 0.875, representing the center of four subvolumes
(segments) of the interior. At each of the four axial sta-
+ions, there were 49 sampled locations obtained by position-
ing the array at ¢ = 0°, +51.5° and +103°. (Note, for all
tests, the angle # in Figure 8 was 90°, § and ¢ in Figure
'8 are not to be confused with PAIN ¢ and ¢ of Figure 2.)

A total of 196 measurement locations were sampled from which
the space-average interior levels are obtained for each har-
monic,

Supplementary tests were performed to assist in diagnostic
work related to the determination (and/or evaluation) of PAIN
input data and intermediate output. The PAIN program pres-
ently uses propeller noise predictions made for a free field
condition, then applies a correction to account for the cylin-
der's presence., This is done because the blocked pressures
are not available from present propeller noise prediction
programs (it is the author's understanding that NASA Langley
has begun work on this problem; PAIN can be easily modified
to accept the new type data when available - see Section 3 of
Ref, (2)).

Free field measurements of the propeller noise field were

made to compare against the PAIN propeller noise input data
created with ANOPP, This was done to permit the determination
of the extent of '"biasing" of interior noise predictions by
inaccurate exterior noise predictions from ANOPP., Figure 9
shows the test configuration. Measurements were made (with
the cylinder absent) for the three propeller speeds used in
the interior noise tests. The microphones were positioned
such that predicted and measured data along the grid line

-18-
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£ =1 of Figure 3 could be compared,

A 0.,508m (20 in.) diameter hardwood cylinder with flush-

mounted microphones in its surface was used to measure

blocked pressure levels along the grid line /=1 to de=-
termine the increase in sound pressure levels arising from
surféce reflections (the fact that the hard cylinder is

only one-half the diameter of the model fuselage is probably
not too serious a problem for measurements taken along £ =1 ),
The test configuration is shown in Figure 10.

Finally, measurements were made of acoustic and structural
loss factors. As usual for these types of measurements,
data are spotty, generally taken at whatever frequencies
they could be reliably interpreted and generally unidenti-
fied with respect to particular modes. |

3¢3 Measurement Results
3.3.1 Loss factors

Acoustic and structural loss factors for the outfitted model
fuselage are given in Table 1., All of the numbers are based
on reverberation decay times of terminated excitation tones.
The decay of the sound level inside the model fuselage's
cabin determined the acoustic loss factor, My e The struc-
tural loss factors of the fuselage skin and of the finish
trim are given respectively by né and Nepe The loss factors
are computed using the relation

n=2. Z/fT6O ’

where f is the frequency of the excitation and TGO is the
time for a 60 dB decay.
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Table 1. Measured Acoustic and Structural Loss Factors

Cabin (Micro.) Trim (accel.) Fuselage (accel.)
Freq. T60 Freq. T6O Freq. T60 \
(Bz) sine Tn (Hz) trim Tt (m2) panel T

93 1.2 0.020 45 0Q.462 0,105 127 0,30 0,057

115 0.61 0,031 88 Qo442 0,056 500 0.041* 0,107

142 O0.46 0,033 110 0,091 04219 890 0.043 0,057
192 0,27 0,042 170 0,065 0.199 1345 0,031 0,053
289 0.40 0,019 216 0,065 0.156 1465 0s041 04037
301 0,21 0,034 290 0,065 0.116 2337 0,047 0,020
377 0653 0Q.011 LOO 0,065 0.085 2710 0.026* 0,031
L52 0419 0,025 - 500 0,039 0,113 4225 0,017 0,031
512 0433 04013 650 0,035 0,097
655 0637 - 0,009 825 0,042 0,063
702 0.13 0.02h 1000 0,030 0,073
755 0,058 0,050 1150 0,021 . 0.091
865 0,048 0,053 1400 0,027 0.058
932 0,094 0,025 1500 0,025 04059
942 0,078 0,029 1800 0.014 0,087
1010 0.15 0,015 2100 0,032 0.015
1260 0.11 0,016 2300 0,015 0.064
1355 04,10 0,016 2800 0.015 0,052
1700 0,10 0,013 3400 0,019 0.034
1755 04,04 0,031 L4100 0,038 0.014
1770 0,021 0.059 4600 0,023 0,020
1965 0,029 0,038
2000 0,032 0.034
2000 0,008 04137
2037 0,018 0,060
2162 0,017 0,060
5625 0,089 0,004
5725 04034 0,011

» ring and stringer
* stringer
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3.3.,2 Proveller noise

The measured free field propeller noise levels are shown in
Figures 11 through 13. The data are for the grid line /=1
as previously noted in Section 3.2. In the figures, the
plotted values are one-third octave band levels for those
bands in which the propeller blade passage frequencies and
their harmonics lie. These are to be considered the true
tonal levels where it is evident that the tones clearly
dominate (for instance near the propeller plane)., Broad-
band noise appears to be present in measurements at large
distances from the plane of rotation. Figure 14 shows a
typical measured spectrum. Comparison of measurements in

" Figure 14 with the data plotted in Figure 13 (Run No. 8113,
Microphone 1), shows that the peaks correspond to the third-
~octave levels at least out to the fourth harmonic.

Phase measurements that were made in the 4000 and 5000 rpm
cases are shown in Figures 15 and 16. The arrows indicate
the approximate phase differences measured with microphone
pairs (1,3) and (2,3) in runs 8112 and 8113,

3e343 Interior sound levels

Sound pressure levels at the blade passage frequencies and
their harmonics are given in Tables 2, 3, and 4. The interior
measurements were analyzed in one-third octave bands and the
band levels for those bands containing the tones were taken as
the tonal levels. The first three harmonics were sufficiently
high on the inside to clearly dominate the broad-band noise
background. Narrow band analyses of a few records indicated
that the fourth and higher harmonics were so far down in the
noise that data for those harmonics were defective. Figure 17
- shows a typical interior spectrum illustrating the problem with
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125

120

115

110

105

100

95

85

Row (=1 (x1=0.457l, x2=0.0)

BPF=200Hz

ORIGINAL PAGE IS
CF POOR QUALITY

630 Hz band
800 Hz band

Run No. Vo (m/s) Configuration

A 8100 23.8  Bare Nozzle

B 8103 23.8 -

@ 8109 23.8 "

® 38112 20.4 Nose Fairing

¥ 8115 23.8 .

¢ 8122 23.8 *w/0 Prop.
L i ] l i 1 L ] | L | N
1.0 0.5 0 -0.5 -1.0

Distance from Propeller Plane, x3/D

FIGURE 12. MEASURED FREE FIELD NOISE-
PROPELLER AT 4000 RPM

-26-




SOUND PRESSURE LEVEL, dB re 20 u Pa
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Table 2. Interior Measﬁrements -

Run x3/Rp @°
8018 +1,17 =103
21 -51.,5
2L 0
27 51.5
30 103
14 =,03 =103
11 -51.5
- 8 0
5 51.5
1 103
51. =1.,23 =103
L8 =515
L5 0
42 51¢5
33 103
54 =2.,43 -103
57 =515
60 0
63 51.5
66 103

3000 RPM, Harmonic No., 1 (150 Hz)"

Sound Pressure Level, dB re 20 wPa

4,
82
83
80
78
77

76
73
75
78
80

78
75
77
80
80

80
81

79
78

M5
83
84
80
77
77

76
73
72
78
81

79
L
76
81
81

81

82
80

77
78

M
85

85

80

75
76

71
79
81

79
75
76
81
82

82
83
80
76
78

"
83
86
79
73

77

78
7
69
79
82

80
76
75
81
82

82
84
79
75
79

M5
83
86
79
71
77

79
79
69
80
83

82
77
4
82
82

83
85
79
L
79

Mg
83
87
*

71
78

79
79
69
79
83

82
78
74
82
83

83
86
79
3
79

Mo
83
87
79
70
78

82
80
75
82
83

8L
86
79
72
80

Mg

83

87
79
70
79

82
81
80
85

81
75
83
84

84
86
78

80

M9

80
81
82

79

80
80

10

80
82
82

81
81
78

82
84
81

81
82
81

83
86
82

82
83
81

» 160 Hz Band

* = data judged to be of poor quality and discarded
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Table 2.

(Continued).

Interior Measurements -

3000 RPM, Harmonic No. 2 (300 Hz)*

Run x3/Rp ¢°
8018 +1,17 =103
21 =51.5
2L 0
27 51.5
30 : 103
14 =,03 =103
11 -51.5
8 0
5 - 51.5
1 103
51 =1.,23 =103
48 =51.5
45 0
L2 51.5
33 103
54 =2.43 =103
57 -51.5
60 0
- 63 51¢5
66 103

Sound Pressure Level, dB re 20 u«Pa

M,
62
61
48
62
66

68
61
68
68
69

52
51
64
62
o4

61
60
64
62

69

M5
65
65
Sh4
65
70

67
61
68
66
69

51
51
68
62

5k

61
59
72
65
68

Mg
72

66.

58
67
71

68
66
69

51
52
69
62
56

61
64
75
68
68

4,
65
68
60
66
72

62
61
69
67
68

o1
52
70
62
58

61
67
76
69
67

Mg
6L,
68
57
69

72

. 64

61
69
66
68

52
52
71
62
64

61
68
78
71
66

Mg
63
69
67
72

62
61
70
67
66

51
52
71
62
61

61
69
78
70
66

M,
62
69
58
68

73

51
52
71
62
63

61
69
78
71
64

Mg
60
69
57
67

Mg
67
61
60

73

70
61
67
63

*

52
72
62
65

61
69
79

*

62

76
7l

Mio Myy
70 *
65 *
62 *
61 =
72

67 =+
62 62
64 67
58. 60
W 73
78 79
76 77

* 315 Hz Band



Run

8018
21
2l
27
30

14
11

51
48
45
b2
33

o4
57
60
63
66

Table 2.

x5/Ry
+1617

-o.03

-1423

=243

¢O
=103
=51e5

5145
103

-103
=515

515
103

-103
=515

515
103

=103
-51.5

215
103

(Concluded).

Interior Measurements -

2000 RPM, Harmonic No. 3 (450 Hz)*

Sound Pressure Level, dB re ZO’uPa

M,
50
51
50
51
52

47
51
49
50
Sk

Ll
46
Ll
WA
51

L8
51
50
48
51

M5
47
50
Ll
50
L8

45
52
L5
45
53

50
49
42
50
50

45
52
48
Lk
48

M
63
52
Ll
50
51

*

*

47
46
52

54

52
45
oh
51

48
52
46
45
45

My
15
53
48
51
53

51
54
51
49
51

56
Sk
48
56
51

51
52

"
18

Iy

M5
47
52
52
54
55

55
56
52
53
53

55
56
50
59
51

54
53
47
50
147

Mg
49
5L
*

53
56

55
o4
52
52
55

58
57
52
58
51

55
53
49
50
45

58
57
51
57
52
56
56
49
51
46

Mg
50
5l
54
53
58

Sk
55
53
61

*

58
52
57
52

57
53
51

*

47

My

o1

52
51

54

51
48

10

49
50
52

53
47
51

55
55
50

52
49
49

11

57
55

Sh

54
50
52

» 500 Hz Band
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Table 3, Interior Measurements -
4LOOO RPM, Harmonic No. 1 (200 Hz)*

Sound Pressure Level, dB re 20 uPa

r
} Run x3/Rp @° M, My Mg M, Mg Mo M, Mg Mg My Miy
| 8019 +1,17 =103 87 92 * 94 95 96 96 97
| - 22 -51.5 88 91 92 92 93 93 93 93 80 87 I
} 25 O 76 81! 84 8 87 * 90 91 71 70 *
} 28 51,5 77 82 84 85 8 85 85 85 86 90 *
; 31 103 87 91 93 93 94 94 94 95
| 15 -.03 =103 84 8 * 87 88 87 * 91
i 12 -51,5 87 8 * 90 91 90 * 90 87 90 9k
9 O 85 8 * 87 87 88 * 89 * 87 =
6 51.5 86 83 87 77 74 75 * * % 87 9]
3 103 87 90 92 93 94 94 * 95
52 -1.23 =103 87 89 89 90 90 89 89 89
| 49 -51.5 87 89 90 91 91 92 92 92 * 89 91
| 46 0 8 87 87 8 8 90 90 91 * 86 85
43 . 51,582 76 65 79 83 84 86 87 87 87
3l 103 87 91 * 94 95 96 96 97
55 -2.43 -103 80 83 85 85 85 86 85 85
58 -51.5 79 8 88 90 91 91 92 92 84 87 89
61 O 82 85 87 88 89 89 90 90 77 78 79
6l 51,5 85 89 90 92 93 94 94 * 67 7 77
{ 67 103 85 90 92 93 94 94 95 96
*200 Hz Band




Run

8019
22
25
28
31

15
12
9
6

3

52
49
46
43
34

55
58
61
o4
67

Table

x3/Rp

+1.17

-003 .

=1.23

‘201-}3

3, (Continued). Interior Measurements -
4LOOO RPM, Harmonic No. 2 (400 Hz)”

Sound Pressure Level, dB re 20 uPa

¢° My M, My M, Mg Mg M, Mg M
-103 62 68 * 78 79 79 81 &80
-51.572 75 78 79 79 81 80 81 75

O 70 71 71 70 65 * 71 71 74

51.5 64 73 79 82 84 84 85 86 67

103 72 73 75 78 79 80 81 81

9

~103 73 69 * 69 75 71 * 71
-51.572 75 * 79 79 78 * 69 75
0 72 72 % 75 75 77 * 78 *
51.5 74 74 81 77 78 79 * * %

103 74 70 70 71 73 73 * 79

-103 77 77 78 79 78 80 80 80

-51.5 72 67 76 79 81 82 84 84 *
O 76 76 77 77 74 79 77 78 *
51,575 72 71 73 75 72 74 76 *
103 68 70 =*= 82 82 84 85 86

-103 78 78 81 82 84 85 85 85

-51.5 74 75 81 84 86 86 86 86 85
O 77 75 75 75 75 76 76 76 85
51.5 77 79 83 85 86 87 87 * 80
103 79 77 80 82 82 84 85 85

10

79
76
L

70
78
78

66
81
82

8L

8

80

11

76

65

76

68
82
82

86

8L
82

» OO Hz Band -
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Table 3.

(Concluded).

Interior Measurements -
4000 RPM, Harmonic No. 3 (600 Hz)*

Sound Pressure Level, dB re 20 uPa

Run x3/Rp ¢° M1 M2 M3 M,+ M5 M6 M7 M8 M9 M1O M11
8019 +1,17 =103 64 62 * 59 62 65 66 67

22 -51.5 63 62 62 63 65 67 68 68 57 62 65
25 O 64 61 56 50 56 * 62 64 59 61 *
28 51,5 62 61 60 60 60 60 58 56 63 64 *
31 103 59 60 60 61 62 65 67 69

15 -.03 =103 59 60 * 64 64 64 * 63

12 -~ =51,564 61 * 59 62 62 * 64 68 69 71
9 O 69 67 * 66 66 66 * 67 * 66 *
6 51.5 67 62 68 69 72 74 * * * 56 61
3 103 68 67 70 64 65 66 * 72

52 -1.23 -103 66 64 63 64 66 68 69 69

49 -51.5 67 67 66 65 65 63 63 63 * 62 61
46 O 63 60 58 57 58 61 63 67 * 65 64
43 51¢5 61 64 67 68 69 70 70 69 * 65 63
34 103 61 60 * 57 57 62 65 68

55 =2.43 =103 65 64 63 62 63 64 64 6L

58 -51.5 66 66 65 64 64 64 65 65 64 6L 64
61 O 65 64 61 58 57 59 61 62 67 69 68
6L 51,5 60 57 62 65 67 68 69 * 6L 65 64
67 103 52 5S4 51 54 58 62 63 65

»630 Hz Band




Table 4.

Sound Pressure

Interior Measurements -
5000 RPM, Harmonic No. 1 (250 Hz)*

Level, dB re 20 uPa

Run XB/RP ¢° M, My Mg M, Mg Mg M, Mg My Mg My,
8020 +1.,17 =103 86 93 97 97 98 98 98 98
23 " -51.5 92 99 102 101 101 102 103 103 97 101 *
26 ' O 90 94 97 98 98 * 100 100 92 95 =+
29 515 95 97 99 100 101 101 101 101 83 92 *
32 103 98 101 103 103 104 103 103 103 '
16 =03 =103 90 * * 100 102 10t * 102
13 ~51.5 * * * * * * - ® ®  =® * »
10 O 85 91 * 94 95 95 * 95 ¥ 9% *
7 51594 95 * 95 94 94 * * oo 95 *
L | 103 99 102 104 105 105 105 * 105
53 =1,23 =103 80 * 94 96 98 98 100 100
50 -51.5 92 99 99 100 100 101 101 101 * 102 *
47 O 91 97 99 100 101 101 101 101 * 97 98
Ll : 5158 85 85 77 81 83 * *» * * ¥
35 103 87 90 * 104 104 * *  *
56 =2.43 =103 86 * oL 96 96 97 97 *
59 '~ =51.,5 93 98 100 102 102 103 103 104 99 102 103
62 O 92 97 100 101 * » * » = 97 97
65 515 94 96 98 99 100 101 102 102 * * 89
68 | 103 99 101 104 105 106 106 106 106
» 250 Hz Band
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Table 4. (Continued)., Interiér Measurements -
5000 RPM, Harmonic No. 2 (500 Hz)*
Sound Pressure Level, dg_;e 20 uPa
Run XB/Rp @° M1 M2 M3 Ml+ M5 M6 M7 M8 M9 M1O M11
8020 +1,17 =103 90 81 77 83 87 90 91 91 ,

23 -51.,5 94 92 92 89 88 87 87 88 89 75 *
26 0 93 84 82 91 94 * 97 97 88 81 *
29 51,594 92 92 91 92 91 92 92 89 79 *
32 103 90 81 81 84 87 89 89 89

16 =,03 -103 86 * * 87 88 86 =* 96

13 _51.5* * * * * * * »* * * *
10 0 79 80 * 91 93 94 * oL * 87 *

7 515 83 85 * 89 90 91 * - = * g1 .=

L 103 80 62 85 83 85 86 * 90

55 -1.23 -105 89 * 86 838 89 90 92 90

50 -51.5 91 88 82 84 87 89 90 90 =+ 90 *
L7 o) 91 88 88 91 92 94 94 94 * 89 89
LL 5165 91 92 93 93 94 94 * * * * *
35 103 80 75 +* 89 91 =+ * *

56 =2.43 =103 96 * 74 87 92 94 95 =

59 -5155 99 97 95 93 91 90 90 90 95 74 91
62 0 99 91 84 96 * * * * * 82 70
_65 51599 97 95 93 91 90 88 87 =+ * 91
68 103 96 87 75 87 92 93 94 94
* 500 Hz Band
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Table 4. (Concluded). Interior Measurements -
5000 RPM, Harmonic No. 3 (750 Hz)"
Sound Pressure LevelL,dB re 20 uPa
Run  xz/R, ¢° M; My Mg M, Mg Mg M, Mg Mg My, M,
8020 +1.17 =103 71 64 71 67 69 70 72 71
23 -51,5 74 75 73 70 70 70 71 73 73 69 *
26 O 77 75 73 73 76 * 78 79 65 71 *
29 515 76 74 71 72 74 75 75 74 59 71 *
32 103 74 71 71 75 77 78 78 78
16 =403 =103 63 * * 6L 66 67 * 70
13 ~51.5 * * * * * * * * *  * *
10 O 76 73 * 67 72 75 * 78 * 75 %
7 51579 76 * 74, 77 78 * *» % 6L  *
b4 103 77 74 74 7 77 79 * 83
53 -1.23 =103 73 * 72 74 76 78 77 78
50 -51.,5 77 72 68 70 75 78 80 80 * 63 *
L7 O 77 74 70 67 68 70 70 71 * 77 78
L 515 75 69 65 66 71 75 * *» * * *
35 103 61 65 * 67 68 * * *
56 =2,43 =103 71 * 65 64 66 67 68 *
59 " =51,575 73 69 64 68 71 72 72 75 72 74
62 0 7% 71 68 72 * * * * * 69 72
65 51,5 69 67 68 70 71 72 73 73 * * 71
68 103 69 64 65 68 70’ 71 72 73
* 800 Hz Band
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the higher harmonics,

Space-average sound pressure level (Harmonic H)

PAIN prediéts the interior space-average sound pressure level
for each harmonic. The equivalent measured interior space
average needed for comparison, and the standard deviation of
the mean square pressure are given below. )

=T 2H /2
SPLy=10 1ogKpy>; +/pd)

’

where the space-average mean square pressure for harmonic H is
N
2_H
<P;g, ¢=( 1/V)Z< pf%.lv p .
J

V is the volume of the cylinder above the:floor (or if data
for some sampled subvolumes V., are considered bad and not
used, the total volume of all subvolumes V. used, i.€e, V =
E:Vj). N is the number of subvolumes with good microphone
data,

In the present case

v

O.O14LR2 for microphones 1 through 8, ¢-= :1030, :51.50, o°
0.014LR® for microphones 9 through 11, ¢ = 0°

0.007LR® for microphones 9 and 10, ¢ = +51,5°

0.0225LR® for microphone 11 when @ = +51,5°

In the relations above,

H
<pf>§=p§- 105FL3/10

SPLH Sound pressure level measured in

j:

subvolume j, harmonic H
Dy= reference pressure =2x10'5nt/m2(20nPa) .
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The standard deviation of the mean square preésuré is defined
by '

SH-{(VN-‘)ZKP —<pl <, e ) }’} .
i=1 |
Since the sampled subvolumes V. are not identical the mean
and standard deviation are calculated in the following
- manners., Let

"
sPLE/10 y L1a=6y /12
x3=(10 3710754107 /LR .

Define iH as the average over N subvolumes of xg

N N N
2 § 2%
Zo=(LR /V)z :x}JI = LR j§ 1x: I{’I/E 1Vj
3=t =1 3=

Also let the prlmed quantity be defined
XH-V')IH/LR ,

where V is the average subvolume's volume
' N
V-(1/N)Zv .
J=1
Then the measured mean sound pressuré level (average in space)
for harmonic H is given by the exact result

'P—LH=60+101og Ty .

The standard deviation is defined and computed with

.
sﬁ'{“/N-”Z(xH-XH =
3=1 |
The above is a sufficiently close approximation to the true
Sample standard deviation.
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Finally, set

2 )=
SH=SﬁLR /V .

The (1~ )% confidence intervals of the space average sound

pressure level at harmonic H are computed by using EH and syt -

1=
SPLy  =60+10log(Xg+syty .o oAN )

where tm;a/z is £he a/2 percentage point of the Student
t - distribution with m = N-1 degrees of freedom. In the

present case, a value of a equal to 0,01 is selected and

the 99% confidence limits computed.

Figures 18, 19, and 20 show the axial variations of the
average sound pressure levels in the four major (axial)
subvolumes sampled. Note that very little axial variation
is present, however, the third harmonics of the 4000 and

' 5000 rpm cases do have a slightly apparent peak near the

propeller plane.

Table 5 summarizes the reduced interior noise levels. Fig-
ure 21 gives the same results in graphical form. It is the
basic plot upon which the PAIN predictions can be directly
overlaid. '

3e4 Computer Simulation of Scale-Model Tests

This section begins with a brief discussion of some of the
details of the modeling of the fuselage and trim. Next the
propeller modeling requirements are considered. Then the
ANOPP propeller noise predictions used as input data to the
PAIN program are scrutinized.
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LEVEL BY MAJOR SUBVOLUME (3000 RPM)
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MEAN SOUND PRESSURE LEVEL, dB ve 20 u Pa

100

95

85

75

70

65

55

ORIGINAL PAGE I
OF POCR QUALITY.

- — — 99% Confidence Limits

Subvolume 1 Subvolume 2 Subvolume: 3 Subvolume 4
r
\--._-—""'"—r— —— i | = e ————

_ :ii. ﬁ{: H=1
= ' '

§ /lf/// =2

[ ] // .
= — /’.-",—— ’//

. “E‘ P ///
\ﬂ-. y

— | S

= /

Fl /

’ £
- L~—_
\N~-" Tr—~_
- <L _ 1T %= —§ -3
///’/K\\ // . +—_‘—
= AN
1 ] 1 1 { L {

¢/L = o0.125 0.375 0.625 0.875
x3/Rp = 1.17 -0.03 -1.23 -2.43
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FIGURE 20. AXIAL VARIATION OF AVERAGE SOUND PRESSURE

LEVEL BY MAJOR SUBVOLUME (5000rpm)

- L6




- . -

Table 5, Measured Space Average Sound Pressure Levels,
Entire Cabin Space (Above Floor)

RPM' Harmonic, H Freq. (Hz) S—FI',;I SPL}919"
3000 1 150 81.0 80,2=81,7
2 300 69.1 67. 1"7001‘1'
3 450 5249 51¢8=5348
2 400 8043 79.1=8141
3 600 65¢2 6Le2=-6549
5000 1 250 10042 99.3-10049
2 500 91.5 9043-92. 4
3 750 71-!-.0 72.9"7409

*

calculated mean

*

47~

99% confidence that true mean lies in this band
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Jele1 Egseiage modeling

The scale model fuselage is basically the same as the analyti-
cal model, having ring frames and stringers on the shell and
longitudinal and transverse floor beams as stiffeners. As
part of the input data file for the program MRP, there are
four quantities to be specified that are used in the calcula-
tion of the modes of the stiffened shell and which define the
characteristics of the stiffeners: st, the bending rigidity
of the shell stringers divided by the stringer spacing; DRO ’
the bending rigidity of the shell frames divided by the frame
spacing; Dxﬁ’ the bending rigidity of the longitudinal floor
beams divided by the floor beam spacing; Dyp’ the bending
rigidity of the transverse floor supports divided by the
support spacing. The procedure to be followed to calculate
these quantities is: 1) compute the moment of inertia of a
single stiffener about the inner surface of the shell (or
lower surface of the floor), 2) multiply by the elastic
modulus, and 3) divide by the stiffener spacing. The calcu-~
lation of the moment of inertia of a transverse floor beam
(support) requires special attention.

Figures 5 and 6 show that the transverse floor beams (supports)
extend from the bottom of the floor down to the shell frames
where they are attached. It is assumed that about 0.038m

(145 in.) of the total depth of the support actually provides
bending rigidity to the floor. This is arbitrarily chosen
since the longitudinal floor beams are themselves 0,038m (1.5
in,) deep and because part of the floor support provides stiff-
ening to the shell since it is attached to the frame., This is
admittedly an unknown complicating factor in the test which is
assumed not to be serious, as the upper part of the shell is
felt not likely to be overly restrained by the actual supports



as compared to their assumed (computer) configuration.

The input data for the model fuselage (required by programs
MRP and MRPMOD) are given in Table 6. In addition to the
data shown,the floor must be specified (alphamerically) as
being rigidly connected to the shell.,

Also given in Table 6 are the input data for programs CYL2D
and PAIN. In the latter case, the table is used to specify
sources or models used. For instance, no measurements were
made of the structural loss factors of the bare fuselage
(i.ee, without trim), so a simple model was assumed ( nr=2/fr).
The mgasured»values of Ny with trim installed, i.e., mp. are
given in Table 1 and since PAIN computes the loss factors
with the trim installed, a comparison of predictions with
measurements is possible and will be presented later. The
acoustic loss factors are taken as zero to force PAIN to
compute them.

The trim panel mass per unit of area has two values shown.
The first corresponds to the total mass of the trim divided
by the surface area (including as part of the mass, the 120°
sector of vinyl) and the second the mass per unit of area
locally where the propeller blade tip passes nearest the
structure and where the most intense exterior sound is real-
ized. The latter value is selected as the more correct one
to use although either value leads to approximately the same
final result, The trim loss factor is set to 0,13 which is
the average value of the measured N (trim installed) over
the frequency range of interest. The properties of the fiber-
glass insulation are those in Figure A-2 of Appendix A in

Ref. (1). Finally, the cavity length is slightly larger than
the shell's because of the construction.
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Table 6. Input Data Used To Simulate

Scale Model Tests

Program

Description

Input Value

MRP

MRP, MRPMOD

MRP, MRPMOD
PAIN

. MRP, MRPMOD
CYL2D, PAIN

bending rigidity of
shell stringers di-
vided by stringer
spacing

bending rigidity of
shell frames divided
by frame_spacing

bending rigidity of
longitudinal floor
beams divided by
beam spacing

bending rigidity of
transverse floor
supports divided by
support spacing
equivalent skin thick-
ness of shell (includ-

ing smeared-out stiff-
ener areas)

equivalent thickness
of floor (including

- smeared-out stiffener

areas)

shell mass per unit
area including smeared-
out stiffener masses

floor mass per unit
area including smeared-
out stiffener masses

radius of shell
length of shell

floor angle

62.35 nt-m

1..201{10"r nt-m

8.63x10° nt-m

5.42x10° nt-m

0.001153 m

0.00127 m

3.113 kg/m2

'30“(—6 kg/ma

0,508 m
1.803 m

56.6°
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Table 6. (Continued). Input Data Used To Simulate

Scale Model Tests

Pfogram Description Input Value
DAIN Nps structural loss factors Z/fr
of bare fuselage (assum-
ing a mode exists at the
resonance frequency,fr)
L) acoustic loss factors of 0.0

bare fuselage

, trim panel mass per unit 1.82 kg/m2
Y :

area ©(1446)
Nps  trim loss factor | 0.13
L,.s cavity length 1.829 m
Ty propeller radial locaﬁion 'Of962 m
25 propeller axial location ‘Q.662 m
¢ » propeller circumferential 90°

location
B, number of blades 3

Direction of rotation
(counter-clockwise, looking aft) +1
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2e4e2 Proveller modeling OF PCCY

The propeller is located radially and relative to the front
of the structure by Ty and Z (see Figures 1 and 2), The
circumferential position is given by ¢ (Figure 2)., Table 6
shows the values corresponding to those of the test. The
direction of propeller rotation is defined as counter-clock-
wise because the top half.of the cylinder is swept by the

blade tip before the bottom half (or floor).

The grid (Figuré 3) is positioned by placing the propeller
at k=8. In the present test rig, each grid point (k,2)
lying in the fuselage surface has coordinates defined by
the equivalence relation

(k,!)~ (x ,XZ,XB) ’

where (in meters):
xf¥0.457+0.508{1-cos[(l-1)-ﬂ/18]}

xé:-O.SOSsin[(!L1)-ﬂ718] ’

and

%5-0.622-0,089(k-1) .

This grid covers all of the upper quarter surface of the cylin-
der forward of the propeller and a somewhat greater surface area
behind it.,

Because of the lengthy calculations involved in the propeller
noise prediction programs, the data for the lower quarter of

the cylinder seen by the propeller are obtained from the data
for the top quarter with the relation (imagining an identical
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V4 £
P(Xf,xzyxg,t)=P(X‘1£,-X2,xl—;yt-Tk1) ’

where 7y, is a time delay given in milliseconds by the result

grid below the centerline)

7 p=333e330 /N

N is the propeller rpm andcﬁL[ is in degrees and is given by
the result

akatan-1[lx£|/X{ } .

The propeller harmonic amplitudes at corresponding points
above and below the centerline are given by

!

and the corresponding phases (in degrees) are related by

_Ag!

above

below

k/

1194
¢ below=%H

E

above+7k!Hx36o/T1 ’

where T1 = BPF"1 is in milliseconds and H is the harmonic
index. This can also be written as

L

below +2BRey p

labove

where B is the number of propeller blades,

Conversion to the coordinate system used in Figures 1 and 2
is with the relations

zk:zp'xg ’
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' 4 ORIGINAL PAGE i
and (using ¢ = 7/2 in Fig. 2) OF PGOR QUALITY.

-xZ
o xf \
The coordinates of the grid point (k,¢) are given by the
equivalence statement

u72+£ap'1 =¢+(f-1)-w/18 .

(k,4) ~ (a,8p,2)

The selected grid has spacing 4 of 0.089m (3.5 in.). This
spacing is sufficiently close to assure a relatively smooth
change in phase for each propeller harmonic from grid point-
to-point. ' | ' |

The free field propeller noise predictions needed at the
grid points were made with NASA ANOPP (8). The predictions

~ for the 3000, 4000, and 5600 rpm- cases were computed at NASA

Langley and provided to the contractor. As required for
PAIN input, the predictions are the Fourier representations
of the actual pressure time histories (the first 10 harmon-
ics are used). .Section 3.4 of Ref. (1) should be consulted
for an expanded discussion of the input model., As stated
previously, after being read-in, the free field pfessure

‘amplitudes of the various harmonics are increased in propor-

tion to the incidence angls ¥ (Figure 2) to simulate the
blocked pressures., The phases computed with the propeller
program are not modified,

Creation of the input data with the propeller noise program
is a separate problem not of concern in this report. However
the quality of the predictions made with that program is of
concern due to the potential for introducing bias errors in
PAIN predictions. Appendix E of Ref, (1) preésents a basic
overview of the requirements for input data to the ANOPP pro-
gram and it should bé consulted for any further basic informa-
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tion. Appendix B of Ref. (1) deals with propeller noise
theory and should be referred to if a more in-depth treat-
ment of propeller noise predictions is desired.

In the present tests, the data used to define the particular
geometrical characteristics of the propeller are proprietary
and thus are not included, It is simply noted here that the
angle of attack, chord, and blade thickness are specified as
a function of the distance out along the pitch change axis
via a data list which is then interpolated as required to
fix these variables at all locations on the blade,

Figure 22 shows (for an example) a typical predicted pressure
time history and the corresponding PAIN model used, The par-
ticular case shown,from the 5000 rpm run, is the pressure at
grid location (k,£) = (7,1)e It represents only one of 160
such time histories in the PAIN input data file,

3e4e3 Propeller noise predictions and comparisons

There are two fundamental questions concerning the exterior
pressure field that have to be answered before comparison of
interior predictions should be attempted. First, are the
free field propeller noise predictions made with ANOPP rea-
sonable, when compared to the measurement results of Section
3e342? Also, are the predicted blocked pressures correct?
Equation (43) of Ref. (1) is the PAIN model used to adjust
free field pressures to blocked pressures., Is it a good
representation?

To answer the first question, consider the propeller noise
predictions in Tables 7, 8, and 9, Results for the grid
line £= 1 are given (first 5 harmonics only, although 10 har-
monics are available)., The sound levels in these tables are

=56
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ORIGINAL PAGE i8
OF POOR QUALITY

ANOPP Predictions of Propeller Noise, Grid Line £ = 1

I
!
Table 70 ‘
0.762 m Dia., 3 Bladed Hartzell Propeller @ 3000 rpm |
|
Harmonic Sound Pres;ure Level, dB re 20 uPa {
H k=1 2 3 4 5 6 7 8 ‘
1 90.1 95.5 100.5 106.3 112.1 117.4 120.2 114.9 |
3 24.2 37.0 49.2 63.9 78.9 93,5 104.8 101.9 |
b “8e1 7.8  23.6. U42.6 62,3 81.5 97.0 95.8. %
5 5.3 10,8 16.7 2745 L6.7 6947 89.4 G0.0
| Phase, ¢y (degrees) |
1 -1’-{-8.1 -151.2 -153.6 ‘15508 -157.4 ‘158.0 "15309 -86.1
2 -144.2 -148.3 =151,k -15kk =156,8 =158.3 =155.7 =92.1
3 “146e1 =T14741 =149 =152,6 =155,8 =158,1 =156.,7 =97.7
L 2142e3 =14245 =145,6 =150,0 =15442 =157.6 =157.4 =103.3
5 «14845 =151.4 =152,9 =152,3 =153,5 =157.,2 =158,0 =108,7
Harmonic Sound Pressure Level, dB re 20 uPa
H =9 10 11 12 13 14 15 16
1 119,3 116,0 110.,6 10448 99.1 9L.2 89.0 84.3
2 110.4 102.9 92.8 82.3 7241 63.5 SLoLs 46.3
3 101.5 89.7 7449 59.9 45,3 33.0 20.3 9.0
Ll» 9206 7605 5701 37.1-‘- 18.5 2.8 "1208 -2408
5 8307 63.5 L{-Oo9 23.8 14.8 9.5 4.2 ".5
| Phase, ¢y (degrees)
1 -2706 -21-[-.1 —2408 -26.5 -2807 -3008 -33.1 -3503
2 "2805 -2508 "27.1-‘» -30.2 -33.5 -3608 -40.7 -44.5
3 —29.6 -27.6 -30.0 -33.4 -3608 ‘3900 ‘39.0 -3305
L =31lel =2948 =33e3 =37.9 =42.5 =45.3 -=42.,9 =31,3
5 "3300 '31 08 "'314-0 1 -31 QLF '2903 '3005 '3207 ‘3409
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Table 8, ANOPP Predictions of Propeller Noise, Grid Line f= 1
0.762 m Dia., 3 Bladed Hartzell Propeller @ 4000 rpm
Harmonic Sound Pressure Level, dB re 20 uPa
H k=1 2 3 4 5 6 7 8
1 97.6 1025 107.2 112.6 118.1 123,1 125,7 120.6
2 68.5 764 8hsO 93,2 102.8 112,0 118.6 114ek4
3 39.3 5062 608 73.7 87.4 100.9 111.3 108.4
R 10,6  2hel 37,5 S54L,2 72.0 89.7 104e1 102.7
5 1269 18.5 25.1 379 57.2 78.7 96.9 97.2
Phase, ¢ (degrees)
1 -13905 -114-1-[-09 -11-['8.8 -152.5 -155.2 -15604 -15207 "86.0
2 -128.9 -13801 -141-(-04 -1L|-908 -153.9 -156.5 -154.5 "'9208
3 -12106 -13301 —‘”4'006 ‘14701 -15202 -15509 "15506 "9808
L «111e5 =126e3 =135,6 =143,5 =149¢9 =155,0 =156,1 =104.5
5 =130,2 =143 =144e6 ~1hlyely =1483 =154,0 =156.5 4110.0.
Harmonic Sound Pressure Level, dB re 20 u#Pa
H k=9 10 1 12 13 14 15 16
1 1249 1218 11648 1115 1064 102.1 97.8 93.9
2 116.5 109.5 100.2 90.7 81.8 4.6 67.5 61.2
3 10841 G7.1 83.5 69.9 57.2 47.2 3745 29.2
L 99.7 8448 6649 49.2 3247 19.9 77 =23
5 91.3 72.6 513 334 23.0 177 13.0 9.1
Phase, ¢, (degrees)
1 ’ -29.3 -26.1 —27.2 -29.1 -31.0 -3202 "32.6 "3106
2 =310 =29¢1 =317 =355 =39e1 =41,2 =41,0 =37.1
3 -3208 '31 09 -3509 -41 .O -460 1 -4807 -4606 "'3703
Ll' '3500 "3501 -Ll-OoLl' "LI'7OL¥' '51-4'06 '5809 "56.2 "42.8
5 =37e6 =38e2 =43,0 =42.0 =35.7 =334 =32,6 =31.,2
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Table 9., ANOPP Predictions of Propeller Noise, Grid Line =1
0,762 m Dia., 3 Bladed Hartzell Propeller @ 5000 rpm

Sound Pressure Level, dB re 20 uPa

Harmonic
H k=1 2 3 L 5 6 7 8
1 104.5 108.9 113.1 118,1 123.,2 127.8 130.2 125.5
2 80.1 86.9 93.5 101.4 109.9 118,17 123.9 120.0
3 56.1 65,2 73.9 84.7 96.4 108.2 117.4 114.6
b4 32,6 43,8 54.6 68.1 82.9 98,3 110.9 109.4 -
5 184 27.2 37.9 524 69,7 88.4 104.5 1045

Phase, ¢ (degrees)
~12667 =135.2 =141,5 =147¢1 =151,4 =153.7 -150.4 =85.1

1

2 9842 =11646 =12945 =140.4 -148,1 =152.8 =152.0 =93.4
3 ~68.6 =98¢1 =118.2 =134.4 =145.2 =151.9 =153,1 =100.1
4
5

-3706 -78_07 -10606 -12804 -142.1 -150.6 “153.7 -10602
11041 =10147 =109.5 =125.6 =139.4 =-149.2 -153.9 -111.8

Sound Pressure Level, 4B re 20 uPa

Harmonic

H k=9 10 11 12 13 14 15 16

1 129.7 127.0 122.5 117.9 113.5 109.9 106.2 102.8
2 121.9 115.,8 107.8 100.0 92.9 87.1 81.3 75.9
3 114¢2 104e6 93,1 8241 724 6L4e8 56.9 L49.6
I 10646 93.5 78.3 6Le3 52.2 L42.6 32.6 23.3

Phase, ¢;; (degrees)

1 “31.0 =27.8 =28.5 <=29.2 =28.7 =26.7 =22.5 =16.1
2 =3holy =32.9 =35.3 =36.7 =3L.4 =-28.1 =-16.0 0.8
3 -3701 .-3703 -Llr108 —L(.L(..Z -39.8 -28.5 ‘7.8 19.5
L" -L}O,Z -4109 -4807 -5206 -4603 "2908 "003 38.0
5 "4307 "‘4604 -5403 -55014' '4205 -2705 -16¢5 -11.1
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plotted in Figures 23, 24, and 25 against the measurements of
Figures 11, 12, and 13,

In general it can be stated that the comparison is good for
the first three harmonics, certainly near the propeller plane
where the tones rise well above the broad-band noise. Al-
though the measurement and grid (prediction) positions do not
correspond precisely, it is observed that, at least in the
LOO0 and 500Q rpm cases, within 0.25m ( 10 in.) either side
of the propeller plane, the predictions are quite good.

There is some indication that the propeller noise predictions
might exceed the actual levels either side of the propeller
plane. This cannot be confirmed because measurements were
not made at those locations,

The phase predictions (given in the tables) are plotted in
Figures 26, 27, and 28. Measurements are available for com-
parison in the 4000 and 5000 rpm cases. The phase itself
cannot be compared, but the phase difference A¢§m'A between
grid points m and m'. This is the quantity required when
calculating the modal forces (see Eq. (41) of Ref. (1)). 1In
Figures 27 and 28, the predicted phase differences are indi-
cated between those positions (along grid line £=1) where the
microphones were located in Runs 8112 (4000 rpm case) and
8113 (5000 rpm case) which produced the phase measurements of
Figures 15 and 16. As can be seen the calculated phase dif-
ferences and the measured phase differences compare quite
well for the first three harmonics (within 10 to 15 degrees
usually).

In summary, it can be stated that ANOPP certainly does a good
Job of predicting the exterior field. While there are indica-

tions that the levels may be over-predicted slightly in the
regions just fore and aft of the propeller plane, there is no
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dB re 20n Pa
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way of proving it from the available data. It is reasonable,
at least until future measurements can disprove the assump-
tion, to take the free field predictions as being correct.

Blocked Pressures

To answer the question about the PAIN model used to adjust
free field levels to blocked levels, it is necessary to
briefly review the basic type of prediction given by Eq. (43)
of Ref, (1)e If ¥ (Fig. 3) is zero, the blocked pressure is
6 dB greater than the free field. The ratio remains close to
6 dB for ¥ less than or equal to about 30°, drops only slight-
1y to 5.75 dB at 50°, 5.4 dB at 60°, 4.75 dB at 70°, 3.3 dB
at 80° and finally to zero at 90°., For all practical pur-
poses, the predictions are then for a 5 to 6 dB increase for
measurements within a propeller radius either side of the
propeller plane along the grid line £=1.

How much do the pressures actually increase? Figure 29 gives
measurement results from the free field and blocked pressure
tests (Figures 9 and 10) that show that the pressures increase
(near the propeller plane) anywhere from 3 to 4 dB. As one
moves away from the plane of rotation the reflection effects
appear to dissipate faster than the PAIN model predicts. This
implies that perhaps the PAIN model (which is based on some
measurements by Magliozzi (9)) should be modified. However
the data base is not a large one, and the measurements are

not for the same diameter cylinder used in the interior noise
study.

Next, the measurements on the hardwood cylinder can be com-
pared to the present PAIN predictions made using the ANOPP
free field calculations (Figure 30), The predictions are
basically the data in Table 8 increased by 6 dB. These clear-
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ly show an overprediction{

For consistency with the measurements of Figure 29, the PAIN
predictions can be modified to limit the increase to 4 dB
(instead of 6 dB). For convenience these predictions are
also shown in Figure 30.

2,5 Test Comparisons

The propeller noise blocked pressure model\is temporarily ~
assumed to be suitable as originally programmed in PAIN, To
begin, the acoustic and structural loss factors (which are

an intermediate output from PAIN) can be compared with meas-
urement data (Table 1), It is necessary first to concentrate
on the structural damping model and to correct certain de-
ficiencies known to be present in it.

3,541 Structural damping

As previously noted, the structural loss factors of the fuse-
lage modes are calculated for the particular trim installa- o
tion. For structural mode r, the loss factor is'né and is
calculated with Eq. (82) of Ref. (1)s That equation has been
found to be slightly defective.

Modification of Ny

In Appendix A of this report, it is shown that 7} of Eq. (82)
should be given by
egl? 2
_ﬂr.«?%
Bwy. ny@p

4 Nomenclature used below is consistent with that of
Ref. (1),
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whére ﬁ? replaces m of the original result, and
- _ X
mr"mMr/Mr ¢

'Mr,is the total modal mass and M§ is given by
ra
Mx=/ mlﬁ(i)df ]
rJx

X being the sidewall area covered with trim. The abovehghange
is necessary because the original analyses in Refs. (1) and

(6) inadvertently led to calculations of structural loss fac-
tors premised on total coverage of the model fuselage by

trim, and also failed to take intc account the fact that signi-
ficant modal energy of lower order structural modes could be
in axial and circumferential stretching motion of the skin
(non-bending). The PAIN programming change required is given

- in Appendix A, " '

Interoretation of PAIN output

Predicted structural loss factors (output by PAIN) are to be
taken from the "Structural Modes" list only. Loss factors,
ETA R', listed following "Band-Average Loss Factors” and next
to "Trim Factor, dB" are averages over the bands indicated
and are wholly fictitious where no modes exist. For the
scale-model, the predicted first structural mode is 188.5 Hz
and no band average should be shown below 200 Hz,

Comparisons
Predicted loss factors and measurements are compared in Fig-

ure 31, The calculated (band average) values shown are
heavily weighted at the low end of the modal spectrum by the
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loss factors of the floor modes (PAIN predictions are that
the scale model fuselage has mostly floor modes at the low
end of the modal spectrum). The predicted lowest bona fide
shell (cylinder wall) mode is 301.9 Hz. Calculated values

of the structural loss factor for the lowest few shell modes
are given by the solid circles. Basically the sidewall modes
have (predicted) damping values that begin with the solid
circles in the range 0.2-0.3 and follow the solid circles and
the averages on out to 5000 Hz. These predictions are satis-
factory when compared to 'measurements in the frequency range
of interest.,

Finally, it is noted here that the modification of‘né y as
detailed previously, alleviates the need to arbitrarily limit
its.-value at low frequencies as assumed in Appendix E of Ref.
(1)s Also Fig. 31 of this report is the corrected version of
Fig. E-15 of Ref. (1),

3.5.2 Acoustic loss factors

The measured and predicted acoustic loss factors are shown in
Figure 32. The calculated band average values are plotted
upon the scattered individual measurements from Table 1. Pre-
dictions are considered satisfactory. Certainly the acoustic
loss factor prediction model needs to be applied to a number
of different types of trim installations before the quality
of the model can be ascertained,

Figure 32 also shows the predicted acoustic loss factors for

a heavily damped (almost critically damped) trim lining.

Damping is seen to suppress the tendency to predict the up-

ward excursion at about 250 Hz. This is the frequency where

the trim model predicts a resonance of the lining on the in-
sulation (see Ref. (6) for some examples of similar predictions).
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Since the trim transmission loss is also at its predicted
maximum negative value, there remains a question as to whe-
ther or not this predicted behavior should be suppressed by
choosing a large Nepe An answer will be given after the inter-
ior noise predictions are examined.

3.5.3 Interior sound levels

Figures 33 and 34 give the predicted interior sound levels.,
They are plotted on the measurements from Figure 21 (and
Table 5). In both cases the input data used are from Table 6.
However the original PAIN blocked pressure model (that of a

6 dB increase) was used for the predictions in Figure 33 and
the pressure increase was limited to 4 dB in Figure 34. This
latter model is more consistent with -the results of Figure 29
and thus the latter predictions are those that will be com-
pared with the measurements. The differences between the
predictions and the measurements that are plotted in Figure
34 are shown in Table 10,

Statistical Evaluation

Of interest is whether there is a statistically significant
difference on the average between the predictions and measure-
ments, Stated another way, are the predictions biased? To
determine this, the differences‘Ai, 1 =1y 25 eeey n between
the predictions and the measurements are computed and their
mean A and standard deviation s determined., Next a standard
hypothesis test is performed (10). The hypothesis is that

the true mean difference u, (Ais its estimator) is zero, i.e.,

Hy:Hp=0 &
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Table 10, Predicted Versus Measured Space
Average Sound Pressure Levels

RPM Harmonic Fregq. §§iﬁ(dB) A
H (Hz) Predicted* = Measured” *
3000 1 150 633 81.0 -17.7
2 300 66.2 6941 -2.9
3 450 59.5 52.9 6.6
4000 1 200 91,7 90.3 1ok
2 L‘OO 7802 8003 -Aao 1
3 600 71.3 65.2 6ol
5000 1 250 86.4 . 100.2 -13.8
2 500 9141 91.5 -0k
3 750 7547 7440 1.7

* From Table 5




Here the sampling distribution of 4 is

A- =Stn_1/@ ’

where tn—l is the Student "t" variable with n-1 degrees of
freedom. For a two-sided test at the a level of signifi-
cance, A must fall within the acceptance region given by

"s)‘:n-1;c:r/2/\/z<‘T<Stn-1;cz/a/\/’-1 *

In the present case, the region of-acceptance will be taken
quite narrow by first selecting ¢ = O.1. Selection of this
high level of significance increases the possibility of a
so-called Type I error where the hypothesis may be rejected
when in fact it is true.

The hypothesis test is performed a number of different ways.
First, all of the data are pooled providing a sample size
n=9 (3 rpm x 3 harmonics). The sample mean and standard

deviation are computed to be
A= -2.32 dB ; s= 8.32 dB .

For the two-sided test at the @ = 0.1 level of significance

t8;0.05 = 1086 ]
and the acceptance region for the hypothesis is
~5.15 dB4<5.15 dB .

Since the sample mean 4 (= -2.32 dB) falls within the accept-
ance region, the hypothesis is accepted. It is also accepted

ORIGINAL PAGE 19
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if the level of significance is increased to a = 0.2
(Table 11).

Next the hypothesis is tested by considering the data for
each propeller speed and harmonic separately. In these
cases, the sample size is n = 3 and tZ :0.05 = 2.92. The
values of A and s and the acceptance regions are given in
Table 11, Results for a = 0.2 level of significance are
shown for these tests also.

For the test where all nine datum are considered, there is
not a statistically significant difference on the average
between predictions and measurements. However, there is a
substantial random error indicated by a standard deviation
of 832 dB. A discrepancy of more than 8 dB can be expected
for about one out of three predictions,.

When the test is performed by rpm, the hypothesis is accepted
in all cases. However, there is also significant random
error, '

Testing by harmonics leads to acceptance of the hypothesis
for H = 1, and rejection for H = 2 and H = 3 at the highest
level of significance (each test by harmonic leads to accept-
ance at a lower level of significance say a = 0.,05). Rejec=-
tion of the hypothesis for E = 2 and H = 3, is an admission
of bias being present, However the sample mean error and
standard deviation are small,

If data for H = 2 and H = 3 are pooled (n = 6), the hypothesis
is accepted even at the a = 0.2 level of significance,

Discussion of Results

Although the hypothesis tests have led to the conclusion that
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Table 11, Sample Statistics and Acceptance Regions
for Interior Sound Levels (Table 10)
Hypothesis Sample Level Acceptance

Test Statistics ) 'of - Region Accept?

on I(aE) s(aB) Slgniilcance (+dB)
All 9 datum 0.1 515 yes
(3 rpm x 3 -2.32 8.32
harmonics) 0.2 3.87v yes
(3 harmonics) 0.2 1332 yes
4OCO rpm +1.8  L.38 Q.1 7436 yes
(3 harmonics) 0.2 be76 yes
'SOOO rpn —4o10 8447 Qo1 14627 yes
(3 harmonics) 0.2 9,22 yes
=1 041 16499 yes
(3 propeller -10.0 10,09
speeds) 0.2 10.98 yes
H=z Oo1 2.15 yes
(3 propeller -1.8 1.28
speeds) 0.2 1439 no
f=3 0.1 33 no
(3 propeller =4.86 2.58
speeds) 0.2 - 2.80 no
H=2 + 5 0.1 3,140 ves
(3 propeller +1.53 L4,08
speeds) Q.2 2.46 yes
§ datum Qo1 4e28 yes
(H=1, 3000 rpm =0.4 641
excluded) Q.2 320 yes
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there is some bias in the predictions, the error that has
been identified is not large and is considered an accept-
able error at this time (after flight comparisons, its
acceptability will be re-examined), The large random

error is due to inaccurate predictions of the interior
levels at the blade passage frequencies. Now a discrepancy
of 4 or 5 dB might (barely) be tolerated for one out of
three predictions, but 8 or 9 dB cannot be tolerated. To
determine whether further modifications are necessary (be-
yond those of Appendix A), it is necessary to closely exam-
ine PAIN predictions.

Appendix B contains the basics of the PAIN output for the
three propeller speeds. The first L8 structural modes are
listed (out of 300 total used); also the first 48 acoustic
modes (out of 400 total). The distribution of modes in one-
third octaves is then given. Next the calculated trim
properties are presented. The Trim Factor, 4B, is a trans-
mission loss (negative implies an increased transmission).
Following these data the propeller noise input is tabulated
for the first three harmonics. Data input for the grid of
Figure 3 are used to create the data for the large (16 x 19)
grid as discussed in Section 3.4.2. Note L=/+9, so the data
for /=1 to 10 of Figure 3 are found in L=10 through 19.

The tone transmission predictions come next followed

by a tabulation of the five highest contributing pairs of
acoustic and structural modes that make up the predictions.
The propeller noise data and the interior predictions for the
3000, 4000, and 5000 rpm cases are given in sequence. |

The lowest computed structural mode occurs at 188.,5 Hz. Fronm
the values of the generalized mass, it can be seen that this
is a floor mode since most of the contributing energy is in
the floor (the output of MRP can be used to see the mode shape
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if deSired). Note that the first true cylinder (shell) mode oc=-
curs at 301.9 Hz, followed by another at 318,7 Hz and another at
46,7 Hz and 470.5 Hz, etc. Since the first harmonics (blade
passage frequencies) occur at 150 Hz, 200 Hz, and 250 Hz, all
shell (sidewall) modes are being driven below their resonance
frequencies (primarilv because the model cylinder is too short)

and respond in "stiffnesslike' fashion for H=1. However, the
frequencies of the second and third harmonics are at 300 Hz or
above and in these cases, resonance and mass controlled struc-
tural modes are usually dominant contributors.

Consider the cases for H=1. Floor modes dominate transmission
at 3000 and 4000 rpme The shell mode at 301.9 Hz is contribu-~
ting substantially at 5000 rpm, as is another shell mode (num-
ber 8) at 318.7 Hz. Both are stiffness controlled.

The H=2 cases are as follows: At 3000 rpm, the shell mode at
3019 Hz is resonant and dominates the transmission. A mass
controlled shell mode at 346.7 Hz dominates at 4000 rpm. A
mass controlled mode at 470.5 Hz dominates at 5000 rpm. The
latter mode has significant sidewall and floor motion,.

The H=3 cases (all rpms) are a ''mixed-bag" in that the predic-
tions are dominated by structural modes having significant side-
wall and floor motion.

Now consider the predicted trim TL. Note that at 150 Hz it is
about -7 dB, at 200 Hz, -17.3 dB, and at 250 Hz, -4.8 dB., The
large negative value might at first appear to cause the predic-
tion for H=1 (at 4000 rpm) to be better than it would have been
had this behavior not been predicted. However the trim model
compensates for this and when the resonance effect is forced to
disappear by increasing Nps the prediction for the 40Q0 rpm, H=1
case changes only slightly (as will be seen shortly).

-84
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Note the acoustic mode dominating the transmission. For H=1 at
4000 rpm, it is mode 3 (g=2,i=0) at 187.6 Hz. This mode domi-
nates only for small Nrpe Also note that acoustic modes 6, 7,
and 8 have very high loss factors (0.6~0.7). These high loss
factors will be predicted only when and where the trim reso-
nance is predicted. Now if Nep is increased significantly, say
to.2, the trim resonance effect will disappear (the trim TL
changes to +1,2 dB at 160 Hz, +4.6 dB at 200 Hz, and +8,7 dB at
250 Hz). Simultaneously, the high values of the acoustic loss
factors of modes 6, 7, and 8 will fall. N, is reduced to 0,088
for mode number 6, 0,077 for mode 7, and 0,081 for mode 8., More-
over, with the larger Neps the prediction for H=1 at 4000 rpm is
dominated by the response of modes 7 and 8 (not 3 anymore). Yet
even with these dramatic differences, the predicted interior
level is about the same (91.2 4B as opposed to the original 91.7
dB). '

The predicted results for the case of nT=2 are given in Figure:
35 and Table 12, As can be seen the errors (compared to those
in Table '10) remain about the same, However the H=1, 5000 rpm
prediction is significantly better. As before, the H=1, 3000

-rpm prediction has the largest discrepancy. This particular da-

tum is unique in that the blade passage frequency lies in a re-
gion where non-resonant behavior of the cavity is necessary (150
Hz lies between the first and second acoustic modes), It is not
felt to provide a good test for the PAIN model, and for this
reason, the H=1, ‘3000 rpm datum is tossed out., The other eight
remain (a case could probably be made for throwing out the data
for all of the H=1 cases because of the known difficulty of mak-
ing predictions in the stiffness-controlled region),

Now when the hypothesis test is performed on the data in Table 10
(with the H=1, 3000 rpm datum excluded), the mean error and stand-
ard deviation are found to be

A= =0.4 dB ; s = 6.4 dB
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Table 12.

Predicted Versus Measured Space
Average Sound Pressure Levels

RPM Harmonic ﬁD_L'H(dB) 4
H Predicted*  Measured 1
3000 1 2.1 81,0 -18.,9
2 65.5 69.1 ‘306
3 5649 5249 [Fo)
4000 1 91.2 90.3 0.9
2 7308 80.3 -605
3 67.4 65.2 2e2
5000 1 92.9 100.2 -7e3
2 8906 9105 ‘109
3 7440 740 0.0

* Mp =2.0 to suppress predicted trim resonance

-86-




SOUND PRESURE LEVEL, dB re 20 p Pa

105

100

95

85

75

70

65

55

ORIGINAL PAGE IS
OF POOR QUALITY

& PREDICTED

u @ SPACE AVERAGE AT HARMONIC H
| 99% CONFIDENCE LIMITS
-
-
N, -
- A&
\ -~ N
\
L 1 1 1 1 | | ) { i 1 | { { |
100 200 300 400 500 600 700 800

Frequency, Hz

FIGURE 35. MEASURED AND PREDICTED SOUND LEVELS,
BLOCKED FIELD = 4dB (MAX), CRITICALLY
DAMPED TRIM PANEL

-87-




and the acceptance region is :3.2 dB at the a=0,2 level of
significance. The hypothesis is still accepted, and the
random error is almost tolerable. Performing the hypothesis
test on the data of Table 12 with the H=1, 3000 rpm datum
excluded, the mean error and standard deviation are found to
be

A= -1.5dB ; s = 4,05 dB ,
and the acceptance region (fora=0.2) is 22,0 dB, In this

case also the hypothesis is accepted. Moreover here, the
random error is felt to be (barely) tolerable (s=4 dB).

It can now be safely stated that the PAIN model seems to work.

It has done a reasonably good job of predicting the scale-
model test results, and its testing in application to real
aircraft is needed next.
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4.0 PROGRAM UTILIZATION: FULL SCALE AIRCRAFT

Capabilities and limitations of the PAIN software for flight
predictions in the case of real aircraft are considered in
this section., Basically the focus here is on learning about
some of the types of problems that a user will be confronted
with when a particular aircraft is selected for study. As
will be shown, PAIN has some limitations. But in many re-
spects these are not major problems for the user. The soft-
ware is capable of making predictions for practically any air-
craft configuration., There are limits as to the number of
propeller harmonics that should be attempted, and there are
circumstances where the propeller noise field on the fuselage
may decay too slowly (spatially, away from the propeller plane)
for the user to be assured that a valid prediction is being-
made,

L,1 Modeling of the Aircraft

A useful approach to the modeling of an aircraft is to begin
with a sketch such as shown in Figures 36, 37, or 38. Here
three aircraft are used to illustrate the type of geometric
information that must be generated. For instance, the length
of the fuselage cylinder must be defineds This can be taken

as the actual length of the cylindrical section. It should be
kept in mind that there is room for judgement here. It may be
confirmed in the future that the cylinder should be longer than
the cyiindrical section of the fuselage (i.e., that better pre-
dictions will be made if it is assumed to be). But presently
this length is chosen on the premise that details pertaining to
the termination of the cylinder are going to wash out in the
frequency range where the tone transmission is of concern.

That 1s, some errors in the modal characteristics in the low
frequency range will be accepted, assumed inconsequential as to
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their effects at the blade passage frequency and its harmonics.
After thé length L 1is determined, the remainder of the infor-
mation will be fixed by the aircraft configuration. The loca-
tion of the propeller, given by the radius rp, angular position
¢, and axially by z_ is to be specified. These parameters are

~exactly the same as defined in Figure 2.

The three aircraft shown have been chosen to illustrate the
ranges of parameters which will likely confront the ﬁser.

In most circumstances the propeller will be larger in diameter
than the fuselage., This will almost always be true whenever
there are only two engines (propellers), and will lead to a
limitation on the allowed range of the propeller tip clearance,
The PAIN software is designed to take the propeller noise sig-
natures over a grid that covers a length of the fuselage equal
to 154 , where A is given by =ma/18, and a is the fuselage
cylinder radius. For the business aircraft shown in Figure 36,
the grid length is 0.24L or O.82Dp. For the small body air-
craft of Figure 37, it is 0.23L (O. 82Dp) and for the narrow
body aircraft of Figure 38, the grid length is 0.21L (1. 30D e -
The optimum is to have a long grid length, i. €.y as a percent—
age of both L and Dp Over the length of the grid, it is
desirable to have a significant decay in the sound pressure
levels (at each harmbnic) to assure that most of the acoustic
energy is being taken into account. The grid length is fixed
by the radius of the fuselage, thus when the propeller diameter
isAsignificantly larger than the diameter of the fuselage,
there is concern that the propeller noise field may not decay
rapidly enough over the length of the grid. This concern is
aggravated by the fact that the cylinder length to diameter
ratio ( L/D ) of a typical fuselage (cylinder) is in the range
between about 5.3 and 6.3, and thus the gfid‘is never going to
cover more than about 20-25% o0f the length of the fuselage
cylinder, To top this off, the decay of the propeller field on




the fuselage is highly dependent on the propeller tip clearance.

Consider the airplane in Figure 36, The diameter of the pro-
peller is more than a meter larger than the diameter of the
fuselage., The tip clearance is 0.165m or 0.06 Dp. The se-
lected grid location, with the axial index k=8 lying in the
propeller plane (i.e., k=k_), puts the forward-most position
on the grid at x3=74 or 1.,02m (0.38 Dp). The aft-most posi-
tion is x3=-8A or -1,18m (-0 .44 Dp). Figure 39 shows that the
overall sound level at the forward-most grid point (k=1,£=1)
can be expected to be about 10 or 11 dB below that at the pro-
peller plane, At the aft-most grid point (k=16,/=1), it can
be expected to be 13 or 14 dB below the level at the propeller
plane. But if the tip clearance is increased to 0.2 D_ these
values would drop to only 4 dB and 6 dB respectively (see
Figure 37). Thus if the tip clearance exceeds about (0.2 to
O.3)-Dp, the PAIN model probably should not be used. However
this is not an unbendable rule. The spatial decay of the
overall level as plotted versus tip clearance in Figure 39 is
usually dominated by one harmonic (the blade passage frequency).
The 2nd and higher harmonics will decay more rapidly. Figure
39 can be used as a guide to gain some insight into the likely
nature of the computed propeller noise field. However, ulti-
mately, the predictions made with the propeller noise program
must be used to determine if sufficient spatial decay is pres-~
ent.

The axial location of the grid is to be selected such that the
peak overall sound level occurs as near to the center of the
grid as is possible, In the turbo-prop circumstance, since the
tip clearance is limited to about 0.2 D_ to 0.3 Dp, the grid
should be located with the axial index k_ set to 8 or 9. The
entire grid must be located on the fuselage cylinder, thus

there is a requirement that A-(kp-1)<zp.
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For instance, in Figure 36, kp must be 8 or less. Since kp =
8 (or 9) is optimum, the choice is 8 in this case., For the
aircraft of Figure 37,kp could be selected as high as 13 and
the grid would still remain entirely on the cylinder. However
again the optimum value is 8 or 9, so 8 is the selected value,

In a Propfan configuration, the tip clearance will be in-
creased significantly because the exterior levels will be so
intense, The tip clearance shown in Figure 38 is 0.8 DP. At
the flight Mach number M = 0.8, the peak overall sound pressure
level will occur aft of the propeller plane. Reference 12 has
been used to predict that the axial location of the peak level
will be x3 = =0.4 Dp. Predictions are that the exterior levels
for the Propfan configuration will decay more rapidly than for
a turbo-prop. In the present circumstance, the decay is ex-
pected to exceed 10 dB at the extremes of the grid even though
the tip clearance is quite large. In this particular case, in
order to center the grid about the peak overall level (i.e.,
have the peak lie somewhere between k = 8 and k = 9), a value
of kp = 4 is selected,

The noise signatures (Fourier amplitudes and phases for each
harmonic) are to be computed at the 160 grid points as given

in Section 3 of Reference (2). That calculation completes the
description of the exterior pressure field required by the PAIN
program.

Le2 Modeling for Cabin and Fuselage Modes

The next step is to determine the modal properties of the fuse-
lage (both the structural and the acoustic properties).

4e2.1 Cabin
The 2-dimensional (cabin cross-sectional) modal properties are

~96-
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computed with the program CYL2D, That program requires the
floor angle 6, as an input. Figure 40 shows typical cabin

cross sections such as might correspond to the three aircraft
being studied here. In the cases of the small body and

narrow body aircraft, the floors extend from sidewall to side-
wall., The intersection of the floor surface (or its extension)
with the sidewall skin defines the floor angle. CYL2D computes
the mode shapes in 2-dimensions for a cylinder with floor parti-
tion having unit radius. Thus the cabin diameter is of no con-
cern until the PAIN program utilizes the CYL2D output file.

Business aircraft such as that of Figures 36 and 40 typically
have a rather small diameter and a recessed aisle. In the
present case a floor angle of 50° is selected because 70% of

the floor surface is at the level defined by 65=500’ More-
over, when the structural modes are computed, the cabin sidewall
surface should match the cabin space. In the present case, the
cabin floor lays over frames with webs extending downward to the
shell, Thus it is desirable to model the shell-floor juncture
as rigid at the floor line, i.e., to pléce the floor at 50°
Since the angles 0 appearing in the acoustics program CYLZ2D

and the structural program MRP must match, 500 s the best over-
all compromise.

The headliners and baggage storage (shown in phantom in Figuré
4LO) are ignored. Presently CYL2D cannot handle these details.

4.2.2 hselage

The next step is to prepare the input data for the program MRP,.
Table 13 contains the type of structural information that is

/




ORIGINAL PAGE IS
OF POOR QUALITY

0.055(2.1 in) = trim thickness

Business Aircraft *

ASTIT
,.

Py
1.3g 1-52
0.19 L
2 ‘?
5°°*~i+ 0.14 (5.5 in)
0.075 (3 in)
Small Body Aircraft * .
. N
= =1
~ L6 1-15
° | i 1.68
L
62.6°
-
0.1(4 inches)
Narrow Body Aircraft L
? 1.875 l

N

;3 I 2.4
3 '

FIGURE 40. CABIN FLOOR ANGLES

-98-

— -




sluz:o_x_mmo_
:Ewlopxwmo.:

Sy, _O1X£0° |
W-3U OLXGLL "}

yl) -01%X8L8°L
Ns:lo—xwm.—
wee*o

wig*o

wo*o

Ju/3%6409
wugh*2

wwgo*¢-20°1

enacmc_xmmw.—
g -OLXL6E ¢

w-ju -0lxe14 e
¢sm|o_xmw.w

Nsm10—x®m.:
Ela::opxmwm.:

S 01X91°4
W=-3u,01X964°1

Y, _01X886°1 ,:swxo_xw_m.m

S _OLXH®6 - W 01%68°8
wug| o uggl *o
wee*o wge °o

wo*o wuo°o
Ns\mx¢m.m Ns\mx:m.:
uug6® i wuh9g* |

ww/2*1-18°0 wwi2*i-18°0

9X4 *£3TpT9T4 Sufpueq JeFUTIIS
I *BTjJ8Uf JO juowow J9JUTJI}S

8
\J

‘wode TRUOF}009-9S50J0 J9JUTJILS
0d;. ¢y 1pTITa Supusq ewedy

mH ‘9ovjans Jeuut (UTyS) TToYs
od BTJJIOUT JO jusuiom awedq

s

m< ‘gode TeuUO0T}099-95010 OWeIy
mH ‘Jutoeds asJutals

ma ‘Fupoeds sweaq
p ¢je8)30 K3TAED/BaNn300138

w ‘(sxsus
~JIT38 +UTys) £3ysuep edBvjang

3 ‘ssSeuyd Y} [T9US jusTearnby
g
1

¢ (peungse) aduea ‘g9suUdITY] UTYS
o]

(2]

ol ¢l 09°29 00°05 0 ‘o19ue J00T4
ug*g wige| (arsTe‘xeuw) ughe| 1y8tey uyqe)
weg ¢ wh| 2 wiGe\ YipTM ufqe)
(9°6=a/°1) miz  (0°6=a/°T) wg* 11 (9°H=a/"1) wgl*l °1 ‘y39ueT utqed
(1°9=a/1) wee (L°6=a/1) wgl (h°G6=a/1) W,2°*6 T ‘y38ueT aopurihko afetesny
WGl e w62 *2 wg9* | g ‘Jejeuwsip efvresny
Kpoq moaaep Kpoq TTewg ggautgng WALI
AdAL

82F3}9TI910vaBY) 9Fe[esng palodafes

‘¢l 81qey




E\mxmo—xmm 4
E\a: —O—N:N 1

»OAH<
wnugunty-4202

ms\mz_w._
Wi o

s|uc:o_x_mm.—

yWg-01%9£0° i
¢o—xmo l
wge*o

w-3u,01Xg6°9

ms\mxmo—xmm.m

JU/3U ) OLXh2*L

Koty
wnugunty-4202

ms\mx_w._
wgl0°0

Elacmc—xmmw.—

iig-01XL6 ¢
01%g6°"H
wgL*o

2"g-

Elaz:o—xmwm.:

ms\mxmo_xmm.m

NE\HQO-O-%#N 4

Loty
wnugunty-4202

Ns\m:_m.—
wgG0°0

W-3UOLXLG® |

i -OXEE"6
o1xghe1
wgh*0

2"~

m-3u,01xgh s

d ‘L3 T8U9(
g ‘snnpoul 0T}SeTy

(eJeresny) TeTI9}BN
g ¢£3TSuap 9odpjans FUTUTL]
u: ‘ggouljdo Ty} uotjeinsujy
W,
a ‘f3TpTdTx Jurpusyd

I ‘JOOTJ JO 8oejans JamoO|
8d BFJ}JOUE JO JUSBUOR

V ‘esae [RUOT]}209-930J)
X

dx
X

X
T ‘Sutgoedy
swesaq JOOTJ TeUTpPN}TIuo]

dk
a ‘A3TpidTa Jurpued

hH ‘I00TJ JO 9oeJans JIsmoT

¢Emao_xmm.: :smuo_xmmwp :Emlo—xmm.m P 8Jd BT}JOUT JO JUSUWOR
Ns¢1o—xmw.m Nsmlo—xmm.w me:ro_xmo._ vV ‘vaage Hw:omaummxmmOAo
wig*o wuge *o wuge *o T ‘Sutpoeds
: suesaq JOOTJ 9SJI9ASUBRLY,
uuweg*2 w6l wuige| Mp ‘999U Ty} JOOTJ JUSTBATNDj
Dy ¢(Jutjees Juy
Ns\wx:w.mm Ns\w&wm.m_ Ns\mxmm.m— lvzﬂozavnhaﬁm:ov eoevjansg Jo0o0Td
. w ¢‘(saeuejyTls Jut
ms\wxmw.m ms\wxmm.m Ns\wxw_.: nc:aoMHv Kq1TSusp eoejans. J00TH
wue 9| , mw/e ® | wwio®| 3 ‘ssauydoTyj3 ejerd Iooid
KApoq moaaepN Kpoq TtyeUS ggautsng WAL I
AdAd

(ponuTluU0)) SOT}STI930vIRY) oFeresn] pe3daTas

-100-




needed, Typical values of section properties are given which
allow comparisons between the smaller and larger aircraft.
Structural details of fuselage and floor stiffening elements
are required before the type of data in Table 13 can be gen-
erated, Stiffener properties, skin thicknesses, shell and
floor surface densities, and seating arrangements are needed.

Note in the table that there will almost always be a variation
in the fuselage skin thickness. Some value ts must be chosen,
and an average is recommended.,

Usually the shell frame and stringer properties and their
spacings 1f and 1 will be uniform. The stiffener cross-sec-
tional areas AR and A are used with the spacings to determine
the equlvalent shell thickness, i.e.,

te =t +A /1 +As/1 .

The shell surface density (including skin and stringers) is then
m=pt_, where p is the mass density of the material (it is
assumed that skin and stiffeners are of the same material).

The moments of inertia of the frames and stringers are to be
computed about the inner surface of the skin. The values given
in Table 13 are for the typical stiffeners shown in Figure 41,
The shell bending rigidities are defined by

DR9=EIf/1f 3 DXS=EIS/lS °
The floor properties are similarly computed, however, there is
usually going to be a greater degree of flexibility in the
modeling of the floor because many of the floors are not free

standing (do not run unsupported from sidewall to sidewall).
In the business and small body aircraft, the floor is normally
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built over webs formed by increasing the depth of the shell
frames, In the case of the business (smallest) aircraft, the
assumed properties of the transverse floor beams are based on
the material depth beneath the aisle floor, that is, that which
remains after material already assigned to the shell frame is
excluded. In the present case, the floor frame depth is taken
to be 0.,105m (refer to Figure 40),.

The transverse floor beams on the small body aircraft (which
can be properly described as extensions of shell frames) should
be assumed to have a working depth (below the floor) no greater
than the height of the frame web above the shell skin required
to yield the frame stiffness, Simply define the floor frame
(transverse beam) such that its stiffness equals the shell
frame stiffness, Once the floor stiffness gets that large, it
should not matter that there may yet remain some uncertainty as
to its actual working stiffness.

Generally properties of longitudinal floor beams should be de-
terminable from drawings. For the small and narrow body air-
craft here, they are simply taken to be roughly equivalent to
the shell stringers. Intercostals should be accounted for as
increased mass and stiffness (i.e., thickness) of the floor

~plate if necessary.

In actual case of narrow body aircraft, where the floor extends
sidewall to sidewall, floor stiffeners (beams) should be iden-
tifiable from drawings. Table 13 contains some estimates of
their section properties.

The business aircraft is complicated by the presence of the
aisle, The longitudinal floor beams here are assumed to be the
walls of the aisle (O.14m high) with thickness of 1.,02mm and

an average spacing of O.43m. This leads to a very stiff floor
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(fore-to-aft).

The bending rigidities of the floor stiffeners are given by

D =E N =
vD Iy/ly ; Dxp IE)IX/'.LX ’
and the equivalent floor thickness is

tg =_tp+Ax/1x+Ay/ly .

Program MRP will accept both the equivalent floor thickness and
the floor surface mass per unit of area., The latter is

' = ptg ’
i.e., if there is no dead weight on the floor. The dead weight
of seats must be added when seating is present since the seats
are rigidly attached to the floor or to the supporting floor
structure, The passenger load is assumed to be dynamically
isolated. ' '

On the business aircraft of Table 13, 11 seats have been assumed

at 8.62 kg/seat (19 1lb/seat). The dlstributed surface mass be-
comes 13,66 kg/m (as opposed to L4.18 kg/m without seats). In
the case of the small body aircraft, 13 seat rows with 3> seats
per row (19 1lb/seat) yields a floor mass of 19.68 kg/m2 (as
opposed to 5.29 kg/m2 without seats). For the narrow body air-
craft, 23 seat rows with 6 seats/row increases the floor mass
to 23.64 kg/m2 (as opposed to 7.83 kg/m2 without seats)., The
seating mass per unit of area is based on cabin floor area
(length L,) since this leads to the highest value of e The
important thing to note here is that the total dead weight of
the loaded floor when seats are present may be 2 or 3 times the
combined weight of the floor and its supporting structure., A
reasonable estimate for seating loads should be included.
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——— — ——

4.3 Modal Characteristics of Typical Airplanes

The aircraft selected for the present study represent signifi-
cantly different scales in terms of size and stiffness of
fuselages. The largest aircraft conforms to a narrow body, and
it was selected because it is considered to be the largest tur-
boprop airplane likely to be encountered by a user of the PAIN
program. The two '"small diameter" aircraft (small body and
business) are typical short-haul or commuter configurations.
The relative sizes of these airplanes can be judged quickly
from Figures 36, 37, and 38, where they are drawn to the same
scale. ’

Modal characteristics of each fuselage (cabin and structure)

will determine the correct way to use the PAIN program. Modal
spectra will determine the maximum number of interior propeller
harmonics that can be computed and also the particular compﬁta-
tion procedure required. The modal characteristics of larger
aircraft impose more severe requirements for vigiiance on the
part of a user. Even so, it will be found that there are no
debilitating restrictions even in the case of the largest air-
craft considered herein.

4.3.1 Acoustic Modes

The PAIN program creates 400 acoustic modes for use in the in-
terior noise calculations. These are constructed by combining
the CYL2D output file (resonance frequencies and mode shapes of
the twenty 2-dimensional modes (1 = O to 19) of the cabin of
unit radius) with twenty axial modes whose index q (that de-
fines shapes and frequencies) ranges from O to 19 also. The
resulting modal array (or file) is not complete.
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Consider, for example, the computed acoustic modes for the cabin
of the smallest (or business) aircraft (see Appendix C). The
lowest resonance frequency (q = 1, i = 0) is predicted to be
22.1 Hz. The last mode in the list (g = 19, i = 19) is pre-
dicted to occur at about 665 Hz. The (q = 19, i = 0) mode

(No. 184) occurs at 420.5 Hz., There are modes missing in the
list (file) above this frequency. The first is the (q = 20,

i = 0) mode at 442.6 Hz. Since modes of the type (q > 19, 1 =
0) do not appear, there are a number of modes missing in the

range between 420.5 Hz and 665 Hz, but they are widely scattered.

The (g = 19, 1 = 1) mode occurs at 436.1 Hz. Above this fre~
quency, modes of the type (g > 19, 1 = 1) are missing. The
(19, 2) mode occurs at 441.3 Hz and above this frequency modes
of the type (q > 19, i = 2) are not included, and so on. Thus
as one nears the bottom of the file (the higher frequencies),
there are more and more missing modes.

PAIN uses all of the acoustic modes in the list (regardless of
their resonance frequencies) to calculate the interior levels
for a given propeller harmonic. Usually (and as has already
been verified in the scale model studies) acoustic modes that
are resonant close to the harmonic frequency will contribute
most to the predicted interior level. As long as PAIN has
data for modes near a given harmonic, it can predict the in-
terior level using a (preferred) low frequency calculation pro-
cedure (that procedure was used in the scale model studies of
Section 3), However, if the modal information for the cavity
is not available (or incomplete), a high frequency calculation
technique must be utilized. That procedure does not rely on
the specific acoustic modal properties.

Consider then the business aircraft, and assume a blade passage

frequency of say 102 to 107 Hz. Further suppose that results
for the fifth harmonic will be sought. The highest frequency
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of concern will then be 535 Hz. The fourth harmonic could be
as high as 428 Hz, It is seen that at least four harmonics can
be computed with the low frequéncy procedure since the modal
list is complete up to 442.6 Hz. The acoustic modal density is
so great, that a missing mode or two (near the fifth harmonic)
would not disallow use of the low frequency procedure for the
fifth harmonic also. However knowledge of the missing data in
that region would be useful. Remember that the calculation
with the lHigh frequency procedure is always output, so it is
useful to obtain the low frequency result also whenever possible,
even when the harmonic lies in a region where the modal file is
incompiete.v '

Next consider the intermediate size fuselage (small body). The
cabin has its lowest acoustic mode at 14,9 Hz; the last mode in
the file is 486 Hz. The file is complete below 298.3 Hz. Thus
if the blade passage frequency is in the range of 110 Hz or so,
3 harmonics can probably be predicted with the low frequency
procedure, The fourth should be computed with that procedure
also (although it will be an incomplete calculation), and the
fifth would have to be done with the high frequency technique.

The cabin of the narrow body aircraft has its lowest acoustic
mode at 8.2 Hz, The last mode in the file is at 297 Hz. The
file is complete below 163.3 Hz. In the Propfan configuration
with a blade passage frequency of say 165 Hz, only one harmonic
can be computed with the low frequency procedure. If results
for five harmonics are desired, the remaining four must be ob-
tained with the high frequency procedure.

Le3.,2 Structural Modes

The modal data file which is created with program MRP and then
conditioned with MRPMOD is needed for two purposes: (1) for
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calculating the generalized (or modal) forces wb(r,H) for the
propeller noise excitation, and (2) for calculating the struc-
ture-interior coupling functions f'(an,r). (Note: = is the
structural mode index, n is the acoustic mode index, and H is
the propeller harmonic index,)

The structure-interior coupling functions are needed in the
low frequency procedure., Calculations with that procedure are
not possible if either the acoustic or the structural modal
files do not extend beyond the harmonic frequency of concern.
But PAIN can make an interior prediction even if the acoustic
data file is exhausted., It can bypass the calculation of
f'(n,r) by going to the high frequency procedure,

The modal forces, Wé(r,H), on the other hand, must always be
computed, that is, for use in either the low or the high fre-
quency procedure, Once a harmonic is selected, the correspond-
ing modal forces (for all modes) must be computed. Although

the entire file is utilized, it is impoftant that the file ex-
tend beyond the frequency of the harmonic being calculated.
This is required because structural modes resonant in a fairly
wide region centered about the harmonic will (likely) contribute
most to the interior levels. (This was found to be true in the
scale-model predictions of Appendix B.)

ANOPP Tmposed Limitations

The accuracy of the NASA ANOPP propeller noise prediction pro-
gram (or any other comparable program) is suspect beyond the
fourth or fifth harmonic. ANOPP should not be used to create
input data for PAIN beyond the fourth or fifth propeller har-
monic, This is not a critical deficiency. The highest ex-

terior levels will be in the lowest few harmonics and the atten-
uation afforded by the structure will be lowest at the bottom
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end of the frequency spectrum also. This means that the capa-
bilities of the PAIN program can be reasonably examined in
terms of computing, say a maximum of five interior harmonics.

Program Changes to MRPMOD

The sizes of the fuselage cylinders of concern in Table 13
suggest that a software modification be made to enhance the
potential utility and completeness of the structural modal
file, i.es, to extend it to as high a frequency as is practi-
cale To this end, before beginning any computations, the
MRPMOD program is modified to accept an increased eigenvector
output from the program MRP, i.e., 40 eigenvectors (20 symme-
tric and 20 antisymmetric) instead of thirty. A total of 440
structural modes can then be predicted with an allowable range
of axial mode numbers M from 1 to 11, The number of axial half-
waves M is limited to 11 because a maximum of 450 modes can
be used by PAIN (12-40=480>450). The structural program MRP
itself need not be changed since it can be made to compute
all of the modes required simply by specifying the maximum
value of M and the number of eigenvectors desired., However,
"Dimension" statements must be changed in MRPMOD to allow it
accépt the MRP output. Because of the increased size, the
new output file from MRPMOD (that to be used by PAIN) must
become a direct access instead of an indirect access perma-
nent file., This requires‘some changes in the control state-
ments for MRPMOD and PAIN (see Appendix A for more details),

Tvypical Results

The lowest structural mode of the fuselage cylinder of the
business aircraft of Table 13 is predicted to occur at 39.6 Hz

and is given in the "Structural Modes" list that is output
by the PAIN program and which summarizes the MRPMOD ocutput file
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(Appendix C). The last mode in the file, i.e., the 400th mode
in this case (since M is limited to 10 for the present) is
predicted to occur at 2054 Hz. The corresponding results for
the small body aircraft are 23.5 Hz and 1414 Hz and for the
narrow body aircraft 13.1 Hz and 823 Hz respectively.

The predicted fundamental resonance frequencies here are con-
sidered reasonable. For instance, the narrow body fuselage
cylinder is a large aeronautical structure by almost any
measure (23m(75 ft) long by 3.75m(12.3 ft) in diameter) and

it is quite stiff. A comparable structure once considered in
noise studies was the payload bay door of the space shuttle
orbiter vehicle (4.87m diameter by 18.3m long). Analyzed by
elaborate finite element techniques, it was found to have a
fundamental resonance frequency of 7.4 Hz (modeled as an in-
complete cylinder (or sector) supported on its edges). Also
the bottom structure of the shuttle vehicle (a stiffened curved
panel) similarly analyzed had a fundamental resonance frequency
of 9.6 Hz.

The question is now raised as to whether the structural modal
files are complete over typical required frequency ranges. Air-
craft in the turbo-prop configuration will typically have the
fifth harmonic below about 550 Hz. In the Propfan configuration
this upper fregquency could become 825 Hz or more. The main
question is whether a reliable prediction of modal forces can be
made up to these frequencies.

.The structural modal file is much more difficult to analyze in
terms of determining its completeness, This is because the fuse-
lage cylinder is so complicated, The modal behavior of a stiff-
ened cylinder with floor partition is much more difficult to de-
scribe than a stiffened cylinder without floor (Ref. 1). As one
examines the output of MRPMOD, it is found that for many modes
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of a given axial mode index M, the same shell indexes ng will
L appear (ns defines the number of full circumferential waves

| of a given component of the displacement series used to de=-

; scribe the shell circumferential mode shape). Also, the same
» indexes np (giving the number of transverse halfwaves of a
given component of the displacement series used to describe
the transverse floor mode shape) may appear as well. But
each structural mode is unique. Each has its own set of gen-
eralized coordinates that ultimately define the particular

( mode shape. Each has its own generalized mass., Some of the
modes are predominantly floor modes, others predominantly
shell modes, |

Business Aircraft

The modal file for the business aircraft (PAIN summary in Appen-
dix C) shows that the maximum value of M (i.e., M=10) occurs

the first time at the L4Oth mode (227.7 Hz). It therefore seems
logical to assume that a mode with index M=11 will occur soon
afterward and that somewhere in the range slightly above 227.7
Hz the file must become incomplete (since M=11 is excluded).
Close examination, however, shows that the first M=10 mode is a
floor mode. Almost all of the energy of the mode is in flexural
motion of the floor. This can be recognized by examining the
generalized mass, The shell flexure, w, contributes little to
the total modal mass (about 2%). Since this mode will not re-
spond well to the propeller excitation of the sidewall, it is
somewhat an extraneous mode (even though listed) and a compara-
ble mode with M=11 would be also.

The adequacy of the file (in the sense of completeness) is as-

sured if when either M, ng, Or n reach their maximum values
(in this case M=10, ns=14, and np=5) the mode is a genuine shell
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mode or at least has some significant flexural energy in the
shell. Going down the file, it is seen that the second time
M=10 appears is at the 48th mode (250.5 Hz) where the shell
flexural modal mass is but 0.2% of the total. M=10 occurs
again at the 72nd mode (363.4 Hz) where the shell flexural
modal mass has risen to about 24% of the total generalized
mass. JSomewhere slightly above this frequency, there will be-
gin to be some modes of the type M=11 missing that should le-
gitimately be in the file. Note that by the 147th mode (at
579.4 Hz), where the M=10 index once again appears, the shell
modal mass is 89% of the total generalized mass.

There are 8 modes between the 72nd and 147th modes having M=10,
all of which have significant percentages of their energy in
shell flexure. There will be less than 8 missing modes of the
type M=11 below 550 Hz (which is the maximum frequency of con-
cern for the business aircraft). Within a band about 100 Hz
wide centered at 550 Hz, there are 29 modes (Modes 124 through -
152). There are four modes with M=10., Thus there will be less
than four modes with M=11 missing over this range and fewer
still with M=12 (perhaps none). It is clear that even though
the file is incomplete, if the primary contributing modes to the
interior noise are selected (by the program) out of those lying
50 Hz either side of the harmonic (assumed at 550 Hz), there is
only a small chance that an M=11 mode will appear as one of the
top five contributors and only a miniscule chance that it will
be the dominant contributor. Thus, in this case, since ng and
n_ are well below their maximum values (i.e., in the range be-

low 600 Hz or so), the modal file can be considered sufficiently
complete,

This file can be made complete by including significant flexural
(shell) modes of the type M=11 for frequencies below say 650 or
700 Hz. Its length can also be optimized if when M is increased
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to 11, the maximum values of ng and np are reduced to 8 and 4
respectively. These values are chosen by examining the printed
output of MRPMOD where (in the present case) the 5 terms used
in the shell displacement series (i.e., the ns's) and the 3
terms used in the floor displacement series (i.e., the n_'s)
and which are passed to PAIN and used to construct the mode
shape, lie below the maximums selected. The number of eigen-

vectors computed by MRP should remain at 40 if this is done.

Small Body Aircraft

Similar results are found for the small body aircraft. Scanning
the M=10 modes leads to the following results. The first is the
18th mode (41.4 Hz) with shell flexural modal mass represgnting
0.04% of the total generalized mass. The second is No. 21 (42.5
Hz) and 0.9%. Then No. 40 (111.0 Hz) and 0.35%; No. 48 (118.1
Hz) and 5.1%; No. 80 (206.8 Hz) and 7.7%; No. 92 (225.6 Hz) and
13.7%; No. 124 (296.6 Hz) and 51.5%; No. 125 (298.3 Hz) and 82.4%;
and so on, In these cases ng is.below its maximum of 14 (never
exceeding ns=8 passed to PAIN) and np is 5 or less (it reaches
its allowed limit)., Here it is clear that the M=11 modes should
be in the file beginning at about 300 Hz.

To complete this file, the maximum value of M must be increased,
but to no more than 15 (the maximum allowed). It is necessary
to simultaneously reduce the number of eigenvectors computed by
MRP (changing ns‘or np is irrelevant). Thus 40 eigenvectors can
be computed if M=11 is sufficient to complete the file (40-11=
440<450), but only 36 if M=12 is required (36.12=432<450) and 34
if M=13 is needed (34-13=442), 32 1f M=14 is necessary and 30 if
M=15 must be used. The object is to assure that there are few
(1f any) missing shell modes of the highest M selected below
‘about 650 to 700 Hz (i.e., if five harmonics are to be computed).
All modes having the maximum selected value of M with more than
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50% of their modal mass in shell flexure should lie 50 Hz or
so above the frequency of the highest harmonic to be computed
with PAIN,

Narrow Body Aircraft

The narrow body aircraft has its first M=10 mode at 35.2 Hz
(mode No. 12). The fifth M=10 mode occurs at 159.9 Hz (mode
No. 94) and is the first true M=10 shell mode (shell flexural
modal mass=73% of total). Therefore the modal file begins to
be incomplete at a frequency well below 550 Hz and very much
below 825 Hz., In the case of the narrow body it is concluded
that the maximum value M=15 may be required (reducing the
number of eigenvectors computed by MRP to a total of 30).

The maximum frequency of a harmonic attempted with PAIN should
not exceed the frequency where the highest M mode tjpe has
more than say 50% of its modal energy in the cylinder flexural
response, Above that frequency, the structural modal file
used by PAIN is insufficiently completé. This will probably
limit PAIN to 3 harmonics (perhaps 4). While a computation
can still be made that will yield an answer for the fourth
harmonic (since the incomplete file extends out to 823 Hz), the
result will be questionable.

Now as M is increased and the number of eigenvectors reduced,
there will begin to be some modes o0f low order M missing from
-the file, For example, when the maximum value of M is used and
only 30 eigenvectors can be computed, there will be 30 modes
listed for each value of M. The 30th mode in the file for any
given M will have the highest frequency of any mode of type M.
Beyond that frequency there will be modes missing of that type
M.
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In the present narrow body case (where M is limited to 10) there
are 40 eigenvectors or 40 modes listed for each value of M,
Consider the M=1 modes. The 4Oth mode with M=1 occurs at 618.3
Hz and has a major circumferential component n =11 (11 full
circumferential waves). Above 618.3 Ez there are modes missing
of the type M=1, Had the number of eigenvectors been limited

to 20, the last M=1 mode would have been at 432 Hz., To complete
the M=1 modes out beyond the third harmonic (3x165=495 Hz), 36
eigenvectors are needed (the 36th M=1 mode occurs at 503 Hz).
Thus the maximum value of M would be limited to 12. This might
not be optimum however. It may be necessary to increase the
maximum M and allow some modes of low order M to be missing.
Each case will warrant an investigation.

L 4L Computation Times

The central processor unit (CPU) times for typical fuselages are
given in Table 14. These are for the Control Data Corporation
(CDC) CYBERNET Network Operating System (NOS) 176 service (es-
sentially the computer speed is comparable to (but faster than)
the CDC 6600 vintage computer). CPU time is a resultant of pro-
cessing periods and is not clock time. CPU times will vary from .
computer to computer depending upon speed and program handling.
It is a useful measure for comparing speed and costs from compu-
ter to computer and for estimating costs and practicality on a
particular machine. '

The most time consuming is the structural calculation. The pro-
gram MRP runs all fuselages at about the same speed, regardless
of the dimensions (or stiffnesses) concerned. For large numbers
of modes, the run-times increase almost in direct proportion to
the increase in the number of computed modes. For instance,
calculation of a total of 200 symmetric and antisymmetric modes
of the scale model fuselage required 1506 secs. When L4OO modes
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Table 14, Program Run-Times (Typical)

Program Calculation CPU Time

(Secs.)
o CYL2D Floor angle = 56.6° 119
'S MRP 150 symmetric modes 795
= 150 antisymmetric modes 71
r% MRPMOD 300 structural modes 66
oa PAIN 400 acoustic/300 structural(4H1f/6HhS) 249
CYL2D Floor angle = 50.,0° 197
Q@ MRP 200 symmetric modes 1087
E | 200 antisymmetric modes 1043
2 MRPMOD 400 structural modes 91
M pAIN Modal summary/400 acoustic/LOO structural 82
400 acoustic/400 structural(3H1f/7HhE) 340
CYL2D Floor angle = 62.6° 157
> MRP 200 symmetric modes 1049
L 200 antisymmetric modes 965
~ MRPMCD LOO structural modes 90
S PAIN Modal summary/400 acoustic/40O structural 95
< 400 acoustic/400 structural(3H1f/2Hhf) 300
4LOO acoustic/L450 structural(3H1f/2H1f) 500
., CYL2D Floor angle = 73.7° 70
:8’ MRP 200 symmetric modes 1040
3 200 antisymmetric modes 940
£ MRPMOD 400 structural modes 91
3 PAIN Modal summary/L40O acoustic/400 structural 106
40O acoustic/LOO structural(1H1f/3Hhf) 300
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were computed for each of the three aircraft fuselages, the
average CPU time was 2041 secs. Thus 32% more modes required
an average of 35% more computation time, Therefore it is an-
ticipated that for a case where 450 modes are computed (the
maximum number that PAIN will work with), about 2300 CPU
seconds will be required.

A complete calculation with PAIN for the scale-model fuselage,
utilizing 400 acoustic modes and 300 structural modes (where
10 interior harmqnics (H) were calculated; 4 with the low fre-
quency (1f) scheme and 6 with the high frequency (hf) proce-
dure) required 249 secs. |

Calculation of 10 interior harmonics for the typical business
aircraft using 400 (instead of 300) structural modes required
340 secse 82 seconds were needed to complete the calculation
through the output of the modal summary. The remaining time
was used in calculating the modal forces for the propeller
noise field and the interior levels (3 harmonics were calcu-
lated with the (slower) low frequency procedure).

In the case of the small body aircraft, a maximum of 3 interior
harmonics can be computed with the low frequency procedure. 5

interior harmonics (2 using the hf procedure) required approxi-
mately 300 secs.,

There is a practical limit of 4 interior harmonics for the case
of a narrow body aircraft (Propfan coafiguration). Only one
can be obtained with the low frequency technique., The CPU time
should be less than 300 secs.

In the extreme case, where say 5 interior harmonics are desired
(3 to be calculated with the low frequency procedure), and
where the number of structural modes is the allowed maximum of
450, the CPU time for PAIN is expected to be less than about
500 secs,
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5.0 FLIGHT TEST COMPARISONS

Flight tests were performed on a trimmed and outfitted Merlin
IVC aircraft (corporate version of the Fairchild Industries
Swearingen Metroliner III turboprop commuter aircraft). The
Merlin IVC is identical to the business aircraft shown in
Figures 36 and 40 and the fuselage construction is basically
as shown in Figure 41 and as detailed in Table 13,

51 Description of Aircraft

The Merlin IVC has twin Garrett TPE331 turboprop engines
driving Dowty Rotol four-blade constant speed propellers.
The propeller diameter is 2.69 m with a tip clearance of
about 0.06 times the propeller diameter. The fuselage is
an all metal cylindrical semi-monocoque, pressurized fail-
safe structure of 2024 aluminum alloy having a diameter of
1.68 m.

The cabin of the aircraft used in the tests is shown in Fig-
ure 42. A bulkhead located at Station 126 separates the
crew flight deck from the forward end of the cabin and the
aft end of the cabin terminates at Station 437 where a bulk-
head (with door) closes off the rear baggage compartment.

The interior of the cabin is trimmed with 0.05 m (2 inches)
of PF-105 Fiberglas in mylar bags with a headliner of 3.2 mm
(1/8 inch) thick heat-formable Klegecell with two glass face
sheets of Tedlar., The trim surface mass is 1.95 kg/x’n2 (04
lb/ftz). A relatively small portion of the interior trim
surface is covered with decorative Teak wood (less than 10%)
and is not felt to warrant consideration in the modeling .

The aircraft tested has leather upholstered seating for eight

passengers in the mid and aft sections of the cabin plus a
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couch (sofa) of about 1 meter length located in the forward
end of the cabin. In addition, food and beverage storage and
preparation facilities are present in the forward end.

The seating structure dead weight on the floor spread over
Stations 264-437 is about 12.2 kg/m e This same welght spread
over the entire length of the cabin gives 6.8 kg/m e An aver-
age of these is 9.5 kg/xn2 which is assumed to be a representa-
tive dlstrlbuted mass. The mass per unlt of area of the floor
used as an 1nput to MRP is then 9.5 kg/m plus the weight of
the floor and supporting floor structure, i.e., about 4.2 kg/m2
(Table 13) yielding a total of 13.7 kg/ma. This number is very
close to the result used in the studies of Section 4 (and Table
13) so the structural modal file for the business aircraft
given in Appendix C is identical to that of the present test
aircraft.

The surface area'of cabin sidewall trim (floor-to-floor) is
given by

At = ZnLc(a-ht)(1-0°/180) ’

where Oois the floor angle (50°), a is the fuselage radius
(0.84 m), L, is the cabin length (7.89 m) and h, is the trim
insulation thickness (0.055 m). In the present case A, is
2841 m2. A1l absorption in the cabin space is assumed on the
sidewall. The forward and aft bulkheads are taken rigid and
unabsorbing. This is a simplification because they do absord
and transmit sound. Also it was determined after the tests

that the door to the baggage compartment had been inadvertently
left open in flight,

The absorption by the seating and carpets is assumed to have
negligible influence on the interior sound levels in the range
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between 100 and 550 Hz. This assumption can be justified by
examining the relative absorption capabilities of the sidewall
trim system versus that of the seating. For instance, at

500 Hz, the absorption of a typical upholstered seat would be
limited to about 3 Sabins (aS=3 ft° or 0.28 m°). 8 seats
plus the couch would give, say 27 Sabins, or an absorption of
245 ma. The PAIN computed conductance & of the sidewall trim
for a lightly damped trim panel, say nT=O.2, at 500 Hz, is
0.017 and for a heavily damped trim panel, say qT=a, it is
0.027 at 500 Hz. The absorption afforded by sidewall trim

is therefore at a minimum

aS=8€At=3.8m2 ’

or approximately 41 Sabins. Now it is seen from these numbers

~that the seating could conceivably lead to a slight reduction

in space-average interior levels, However, in the present
case, the seating is located in the aft two-thirds of the
cabin (except for the couch) and in that region, as will be
shown in the flight test data, the sound pressure levels are
significantly lower than in the forward third of the cabin,
Thus the absorption in the forward third of the cabin is of
more concern since total absorption is the product of mean
square pressure times aS. In the forward third there is the
couch (approximately 3 Sabins) plus carpeting (ignored) plus
sidewall trim (approximately 41/3=13.7 Sabins). Thus seating
should reduce interior levels by less than 1 dB (on the space
average) although the actual reduction may be slightly more
in the area where seating is located.

5.2 Test Program

The measurement program consisted of both ground and flight
tests. The primary purpose of the ground tests was to obtain
some minimal data outside the aircraft so that ANOPP predic-
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tions of the propeller noise field could be compared to meas-
urements., No attempt was made to instrument the aircraft to
allow in-flight measurements of the propeller field on the
fuselage. This was an unavoidable deficiency in the flight
tests due largely to the status of the aircraft and the
limited time that the‘plane could be dedicated to the effort.
Moreover, ANOPP is unable to predict the actual blocked pres-
sure field on the skin anyway (it calculates free-field levels
as opreviously noted), and therefore it seemed that for the
present tests, some relative measure of comparisons on the
ground would be sufficient, The quality of ANOPP free field
predictions had already been established (such as through

the scale-model comparisons presented in Section 3 of this
report). '

There were a numbter of different stationary ground tests that
were performed-while varying propel;ef speed,'torque (pitch),
with one prop or the other, | However, comparisons tetween
exterior measurements and exterior predictions were never
attempted because the ANOPP program was unable to predict

the propeller harmonics without significant air inflow velocity
to the prop'disk. Thus for all practiczal purposes, the only
useful data were the interior measurements made in-flight dur-
ing the test runs listed in Table 15, ’

The in-flight data obtained during Runs 2 and 8 were all from
fixed microphone measurements. Sound pressure levels were
recorded at head (ear) levels with six microphones (1 through
6) as shown in Figure 42. These measurement data cannot be
used 1n the comparisons because space-average interior levels
are required and the five microphones in the cabin (2 through
6) were not located to provide that particular measurement.
The ccomparison data were taken in Runs 10, 11, and 12, In
these three runs, the airspeed was varied (at the same flight
altitude) and swevt microphone déta were taken at various
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axial positions along the cabin. The objective was to be

able to calculate the space average interior levels for five
harmonics at each of the three flight conditions providing a
data pool of 15 measurements for comparisons with PAIN pre-
dictions. In order to obtain the desired measurements, swept
data were to be taken at a minimum of three axial stations.
Two of the stations eventually selected are shown in Figure 42,
i.e., locations 7 and 8 (in the aisles between the seats),
where microphones 5 and 6 were swept by hand following the
scheme shown in Figure 43.

During the flight tests, there were no swept measurements made
in the forward third of the cabin. The presence of the couch
and cabinetry in the forward end.did not allow the flight
personnel to follow the desired sweeping pattern and a decision
was made by them to obtain swept data only at positions 7 and 8
and to retain fixed microphone data at positions 2, 3, and 4 as
had been done in Runs 2 and 8. This decision necessitates the
use of a rather cumbersome analytical approach to obtain the
space-average levels in the cabin. The propeller noise peaks
over the forward third of the cabin, and the highest interior
levels occur in that region. Any errors made in estimating
space-average sound pressure levels in the forward third of the
cabin are strongly reflected in estimates of the total space-
average levels.

5.2.1 Interior Measurements

To review, the data consist of two basic types of measurements:
(1) fixed position microphone data at the head (or ear) level at
up to five locations in the cabin (microphone 1 was in the crew
flight deck area) and (2) swept microphone data at two fixed
axial stations. In Run Nos. 2 and 8, all microphones were fixed
at the head (ear) level. In Run Nos. 10, 11, and 12 microphones
2, 3, and 4 were fixed at the head (ear) level (in the same posi-
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tions as in Runs 2 and 8) and microphones 5 and 6 were swept at
positions 7 and 8, In these latter tests, no fixed head (ear)
level measurements were made with microphone 5 or 6.

The cabin can be divided into 3 subvolumes: Stations 126-230,
230-333, and 333-437. The swept microphone measurement taken
at position 7 (with microphone 5) is considered to give the
space average level in Subvolume 2 (230-333) and the swept
measurement taken at position 8 (with microphone 6) is con-
sidered to give the same data for Subvolume 3 (333-437).
Measurements made with microphones 2 and 3 (which lie in Sub-
volume 1 (126=-230)) are averaged to determine an average head
(ear) level u? for each harmonic. Also, measurements with
head (ear) level microphones 4 and 5 which lie in Subvolume 2
in Run Nos. 2 and 8 are averaged to determine an average head
(ear) level for each harmonic, i.ec., #g.

In summary, let

p?:mean head (ear) level measurement for those microphones
located in Subvolume j (harmonic H), i.e.,

N H .
H SPL;/10
uy = 10105{(1/N).§jlo i/ }
i

and also let

s%:space average (swept) level measurement made in Sub-
volume j (harmonic H)

The available measurements are then as given below .
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. Microphone Locations and Usage

Subvolume, J Run Nos. Microohones, i
Head (ear) Swept

1 2,8,10,11,12 2,3 -
2 2!8 ) LHS -
2 10,11,12 .4 5
> 2,8 6 -
3 10,11,12 | - 6

Table 16 summarizes all of the pertinent interior flight meas-
urements., Figure L4 shows one of the interior spectrum of the
type from which the data in the table were taken, The table
contains the measurements and also the calculated mean head
(ear) levels where such a calculation is meaningful. Note

that the highest levels in the aircraft occur in Subvolume 1
(which the propeller plane passes through) and thus the space-
average interior level in the cabin will be dominated by the
space-average level in the forward-most subvolume. Unfortunate-
ly, there is no direct way of determining a relationship between
the measured (average) head (or ear) level and the space-average
level so the latter must be estimated, Also note that there is
a considerable decrease in sound levels from the forward to the
aft subvolume, This makes an accurate estimation of the space-
average level in the forward subvolume even more critical,

5.2.2 Svace-Average lLevels

The mean difference can be calculated between the mean head
levels in Subvolumes 1 and 2 for Runs 2 and 8, i.e.,

il
<“? “H>>%g

For Runs 10, 11, and 12, there can also be calculated the mean
difference

H H
<H1=82210,11&12 ’
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Table 160

Interior Measurements

Run #2 V =192 kt, Alt.=17,500 ft
Head (Ear) Levels

U W= o

E

e

W W -

72.2

70

H H H H B B H
SPL5 SPL3 SPL), SPLg w3 3 SPL¢
102.2 102.4 95,5 103.8 102.3 101.4 9844

99.0 100,0 9842 8448 99.5 95.4 8745
Ohe2 95.6 80.5 82,0 94e9 81.3 82.0
81.5 763 67.0 65.8 79.6 66k 66.7
69.0 76e3 69.0 68.2 74,0 68.6 63.0
#8 _V =gjo kt, Alt.=12,000 ft
Head (Ear) Levels

H H " H H H H
SPL5 SPLz SPL,, SPLg “ w5 SPL¢
100.6 101.7 96.7 102,0 101.2 100.1 97.0

90.6 95.5 76.7 781 93.7 775 7948
66.6 71.0 66.0 66e2 693 661 65.0
- 72,0 75.0 6440 6945 73.8 67.5 6667
‘Run #10 V =238 kt, Alt.=5,000 ft |
Head (Ear) Levels Swept

H H H H B owrE _H H
SPL SPL3 My SPL), s5=SPLy, s3§spL8
10Les 102.5 103.6 9548 102.0 99.5

98.8 103.2 101.5 98.8 90.2 82,0

92.5 99.7 9445 82.6 80,8 78.8

80,2 82.0 81.2 72.0 73e2 68,1
767 7540 63.0

7 67,3
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Table 16, Interior Measurements (Continued)

Run #11 V =216 kt, Alt,=5,000 ft

Head (Ear) Levels Swept
B spLi SPL% uf SPLE s%:SPLg s%:SPLg
1 101.7 1020 101.9 96.7 97.6 977
2 96.6 99.0 98.0 94ely 88.8 7945
3 90,5  96.2 94,2  80.8. 79,2 751
b 7065 7740 74e9 Yamn 717 6445
5 7267 772 75.5 59.0 67.8 64.0

Run #12 V =165 kt, A1t,=5,000 ft

Head (Ear) Levels Swept
£ spil SPL% ul SPLE s%:SPLg s%:SPLg
1 9748 95.6 96.8 92,7 93.8 96.2
2 94.2 91.7 931 02.3 87.0 7641
3 89.4 ARy 90.5 754 752 67.9
kL 73.5 76.8 7545 69.5 67.0 60.5
5 6848 72,0 70.7 580 63.2 6040
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where sg is the space average level in Subvolume 2 (swept meas-
urement with microphone 5). Table 17 shows the results of the
calculations. There are a number of different things to be
noted. First, all runs are for the same propeller speed (Table
15). From a frequency selection standpoint, this means that ’
the propeller harmonics will sample the cabin modes in the same
manner, However the exterior fields will be different from run
to run thus from a spatial coupling standpoint, the sampling of
interior modes will not be the same, Nevertheless, there is a
certain consistency in the data, i.e., between the differences
in head (ear) levels and the differences in head and space
average levels for the two subvolumes. For instance, the third
harmonics show the largest differences. On the average there
are similar magnitudes of differences for all of the harmonics
except for the fourth (and possibly the second)., There is not
much scatter except in the case of the fourth harmonics.

A standard hypothesis test is performed on the data on a har-
monic-by-harmonic basis. Let #6 be the true mean difference

| (mean over Runs R and N) of the difference of the means in Sub-

volumes 1 and 2, i.e., for harmonic H:

RN ,
- . B _ H
- OmRE Y e <oy
rn
where

H

anr

(ﬂ1 MZ) - (ﬂ1-82) ’

and n 1s one from a large sample of runs (of total number N)

where "2 are the available measures of average sound pressure
levels in Subvolume 2, and r is similarly from a large sample
R where sg are the available measures of average sound pressure
levels in Subvolume 2. The hypothesis is that yf is zero, i.e.,

Bt

O.HG:O.
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Table 17. Differences Between Average Sound Levels
in Forward and Middle Subvolumes

w15 -
L e <HT-M3>2
Run 2 Run 8
0.9 Tel 1.0
ol Le5 Le3
13.6 16.2 1449
13.2 3.2 8.2
Selt 643 5.9
e

E H
<H1-82210,11,&12

Run 10 Run 11 Run 12

1.6 be3 2,0 3.0
1. 9.2 Bel 8.9
1347 15,0 15.3 1447

8.0 2,2 845 6.6

be3 767 7¢5 : 6e5
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H ORIGINAL PACE i
The estimator for ”6 is OF POOR QUALITY

EH=(1/2.3){n£§;8 r;Z;,11&126§r}

H
=(1/6)(83, 1085 11+35 12+05, 10%88, 1105 12)

with sample standard deviation

R S7- O RD I P ot }% :

n=2%8 r=10,11&12
The acceptance region for the hypothes;s at the & level of

significance is‘given by

I 5 a/Z/J_ ’

where t5”a/2 is the Student t-distribution with n=5 degrees
3
of freedom. The results are given in Table 18.

Table 18. Results of Hypothesis Tests

Hypothesis Sample

Test for.  Statistics Level

Harmonic gﬁ(dB) sg(dB) Signigicance Acﬁ;giiﬁce Accept?
' o (3dB)
1 -1.96 1,21 0.2 0.73 no
2 -4.,57 2.35 0.2 Tel2 no
3 0e23 1461 0.2 0.97 yes
L 1.63 6,07 ' 0.2 32.65 yes
5 -0.65 1.78 0.2 1.07 yes

Bias is indicated for harmonics 1| and 2, where the hypothesis is
rejected. For the higher harmonics there is no proven bias.
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Let ﬂ%=;£+2 and ﬂ§=y§+u,5. A new hypothesis test (for the first
two harmonics) of the form

. _H_
Ho.ué_o ’
does not indicate bias.

The space-average interior levels are calculated using the
following interpretation of the results above and other assump-
tions:

AN

1) Implications are that on the average, for Runs 10, 11,

and 12:
1_.1
52= ”2- 24B
sh-uu
2772
2_,2
522”2-#0 sdB
&S=pd
22
3 _y2
S2=H3

2) The relationships assumed above between the average
head (ear) levels and space-average levels in Sub-
volume 2 are reasonable for use in Subvolume 1 as
well, i.e.) '

1T .1
S?'—"‘?-I{-o 5dB
3_
51"‘?
2) The space-average levels in the cabin (for Rums 10,

11, and 12) can be estimated using the swept micro-
phone data taken in Subvolumes 2 and 3 and the
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average head (ear) level data from Subvolume 1 cor-
rected for bias according to 2) above,

Note that the sample standard deviation in Table 18 lies in
the narrow range between 1.2 and 2.4 dB for four of the five
harmonics, but it is about 6 4B for the fourth harmonic.
Although no bias adjustment is warranted for that harmonic,
there is a high probability (31 chance out of 3) that the
predicted space average in Subvolume 1 will be off by more
than 6 dB, even if all of the assumptions above are accurate.

The space-average levels are computed from the measurement
data with the following relations, where s? is the space
average sound pressure level in Subvolume j:

H
x1§=1osj/1o ’

N
iH.-.(I/N)Zx? ; N=3 subvolumes ,

j=1
N H 23
Sg= (1/m)j21 ( j-xH) m=N—l.
Space-Average Level (Harmonic H)

SPLH=1Olog 35

(l-e) % Confidence Limits (on the space average)

-

The calculated space-averages and the 95% and 99% confidence
limits are given in Table 19.
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Table 19, Measured Space Averages and Confidence Limits

Run No. 10

Bias _ * | *
B 4] Correction s s s3 B&PLy  sPLy’  SPLY
2 10105 "405 9700 90.2 8200 9302 <99.3 <10203
3 4.5 0 4.5 - 80.8 78,8 90.0 <96.9 <100,0
L 81.2 0 81.2 7342 6841 772 <83,5 <86.4
5 75.0 0 75.2 70.7 67.3 7262 <772 <80.0
Run No., 11

Bias
E uY Correction s5 s s‘% SPL, SPLY? sPLZ?
1 1019 -2 9949  97.6 9747  98.5 91.7-101.1 <103.1
2 9800 -Ll-os 93.5 88.8 79.5 90.1 <95.8 <98.6
3 94.2 0 Ihe2 79,2 75.1 89.6 <96.6 <99,8
L 74e9 0 749 717 645 7241 <771 <79.9
5 7545 0 7545 67.8 6440 717 <77.8 - <80.7
Run No., 12

Bias
H H? Correction s? sg s% §§iH SPL%5 SPL?I9
1 96.8 -2 9"".8 93.8 96.2 9500 8908-9703 <99.2
2 93«1 =445 88,6 87.0 7641 8643 <91.5 <944
3 90'5 0 9005 7502 6709 8509 <9209 <96.0
L 7545 0 7565 67.0 6045 714 <779 <80,9
5 7047 0 70.7 63,0 60,0 6649 <7249 <75.9

* Only the upper limit is defined for those cases with the "less
than (<)" symbol ’
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5¢3 Computer Simulation of Flight Tests

As discussed in Section 4, the exterior field predictions made

with the ANOPP program need to be examined to determine whether

the PAIN grid is properly located and also to see if the pres-
sure field decreases sufficiently over the length of the grid.
For the present aircraft; a preliminary selection of the grid
centering variable (i.e., centering relative to the maximum
predicted sound pressure level on the exterior of the fuselage)
is kp=8. Figure 36 illustrates the selection.

5.3,1 ANOPP Prediction Methodology

The ANOPP program can predict propeller tones using various
methods and the degree of complexity of the calculations will
impact the user. Two methods of concern that can be used to
predict the free field propeller noise in-flight are the so-
called Method 1 or full blade formulation in which only O of
the pressure signatures (out of 160 required) can be computed

at any one time, and the Method 3 or compact chord approxiﬁatien
(line source model) in which all 160 signatures can be computed

_simultaneously.

Run No. 2 was selected for comparing the full blade and compact
chord models, with the hopeAbeing to use the simpler Method 3

on the three flight comparison ruas 10, 11, and 12, Figures 45
and 46 illustrate the differences in the results of the calcula-
tions. Figure 45 gives the sound pressure levels predicted along
the line ¢=1 (Figure 3) that were computed using both methods
(the Method 1 or full blade prediction is considered the most
accurate prediction possible). It is seen that the amplitudes
forward of and also near to the propeller plane compare quite
well for all harmonics, The full blade predictions exceed the
line source predictions aft of the propeller plane, usually by
2 to 5 dB after each has rolled off about 10 dB below the peak
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SOUND PRESSURE LEVEL, dB re 20 n Pa
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Run No. 2, Full Blade

—e — — Run No. 2, Compact Chord

FIGURE 45. AMPLITUDE COMPARISON, FULL BLADE VS.
COMPACT CHORD FORMULATIONS
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levels., Certainly in the case examined most of the acoustic
energy incident on the fuselage is within the grid area. The
levels of the first harmonic decrease more than 12 4B from
k=7 to the extremes of the grid and much larger roll-offs are
predicted for the higher harmonics, The ANOPP predicted roll-
off of the over-all sound level is quite consistent with the
empirical prediction made using Figure 39 as discussed in
Section L.l

Figure 46 shows the phase calculations (£=1) for the various
harmonics as predicted by ANOPP using the two methods. There
appears to be very little similarity. But the PAIN program
is concerned not with phase point-by-point on the grid, but
with phase difference point-to-point. Phase differences can
be compared by adjusting the phase predictions to their re-
spective means and then by overlaying them as done in Figure.
47, where it is observed that the phase information compares
quite well, On the basis of these comparisons, it was decided
that the ANOPP Method 3 was sufficiently accurate, Later to
verify the correctness of this decision, the Run 2 propeller
noise predictions (both methods) were used as an input to the
PAIN program and the interior levels predicted in the Merlin
IVC aircraft were compared. This was done for blade downsweep
only. The differences in predicted interior levels were such
that the full blade model resulted in very slightly higher in-
terior levels. The results for the first harmonics differed
by 1.05 dB; for the second: 1.46 dB; the third: 0.05 dB; the
fourth: 2.04 dB; the fifth: 1.84 dB.

5¢3e2 Predicted Exterior Levels

Tables 20, 21, and 22 give the ANOPP predicted free field
flight levels along the grid line /=1. The data are also
given in Figures 48-53, It should be recalled that the free
field amplitudes are increased according to Eq. (43) of Ref-
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Table 20. Exterior Levels in Flight Run No. 10
(ANOPP Compact Chord, free field, £ =1)

Sound Pressure Level, dB re 20 uPa

Harmonic
H k=1 2 3 4 5 6 7 8
1 1225 125¢4 12844 131.,4 134e1 136.1 13643 13345
2 107.4 1123 117.3 122.3 127.1 131.,2 133.,0 129.2
3 92.2 98.8 105.7 112.7 119.6 125.8 129.3 125.3
b 77,0  85.2 93,9 102.9 112,0 120.2 125.5 121,7
5 6147 7147 8241 93,0 1041 114,5 121.6 1184

Phase, ¢H (degrees)
-9107 —102.1 -111.9 -12009 -129.0 -135.1 —131-{-.3 -10307

1

2 25243 =72.6 =91.2 =108.2 =124.9 =137.7 -146.7 =132.2
3 —11e7 =042.2 =69¢3 -94e5 =117.3 =138,3 =155.7 =156.L4
L
5

29.9 -1100 —L{:?.Z "79.7 -109.5 -137.1-‘- -162.7 -17704
719 20,9 =24,0 =641 =101,0 =-135,6 -168.3 16442

Sound Pressure Level, dB re 20 uxPa

Harmonic
24 k=9 10 11 12 13 14 15 16
1 1334 132¢3 13040 127.4 124.7 122.1 119.5 117.0
2 1259 122.9 118¢7 11h4e1 109.6 105.,2 1011 97,2
3 118¢2 113.2 10649 100.5 94,3 88.6 83,1 77.8
4 1104 102.9  9L4e7 8645 79.0 71,9 65.2 5846
5 102.8 91.3 81¢3 71.8 63.3 55.3 L47.4 3945

Phase, ¢ (degrees)

=70e7 =67.0 =704 =75.,6 =809 =85.8 =-90.0 =93.2
97,2 =96e1 =105,9 =117.8 =129.2 =138.0 =146.4 =151,3
=123,8 =12347 =14040 =15%946 =177.9 167.,5 157.2 151.3
15442 =15143 =174¢1 157,7 132.1 112.9 100.5 Ol
167.0 17844 15045 1123 79.3 5645 43,0 3745

WM = W -

-142-




SOUND PRESSURE LEVELS, dB re 20 u Pa

ORIGINAL PACE (S
OF POOR QUALITY

AXIAL INDEX, k
1 2 -3 4 5 6 7 8 9 10 11 12 13 14 15 16
{ [ | i L L { i BB { 1 | | [ I |

140r-

135

130

125

120

115

110

105

100

95

90

85

80

75

0L yH=s

FICURE 48. EXTERIOR LEVELS (FREE FIELD),
FLIGHT RUN NO. 10

-143-




ORIGINAL PACE 1S
OF POOR QUALITY

081-

€ ¥ //
¢ = .

0st-

1174 &y

"/

[—]
N
1
(saa.xﬁap)"ﬂ ¢3seud

3

91 S 1 41 £l gt 1 0% 6 8 L 9 S L4 € 4

A “XIANI WiV

-144-




- Table 21, Exterior Levels in Flight Run No. 11

(ANOPP Compact Chord, free field, Z=1)

Sound Pressure Level, dB re 20 uPa

Harmonic
E k=1 2 3 & 5 6 7 8
1 121.0 124.0 127.0 129.9 132.6 134e6 134.7 131.5
3 905 97¢1 1040 11141 118,11 12442 127.7 123.7
L 7561 834 9241 101.2 110.3 118.6 123.9 120.3
5 59,7 69.6 80.1 91.2 102.,4 112.8 119.9 1171
Phase, ¢h (degrees)
1 =100e7 =110e1 =118.8 =12669 =13440 =139.,3 =138,2 =107.4
2 «67e8 =859 =102eh4 =1175 =131,3 =143.5 =151.4 =137.8
3 =338 =608 =85.0 =106.9 =127.0 =145.,5 -161.0 -162.8
L 163 =349 =668 =95.3 =121,5 =146,1 =168,6 1763
5 3648 =8e1 =477 =82.9 =115.2 =145.7 =17449 158.3
Harmonic Sound Pressure Level, dB re 20 uPa

H k=9 10 11 12 13 14 15 16

1 131e3 1304 128.2 125.6 122.9 120.2 117.6 115.6
2 12345 12046 1164 111,8 107.3 102.9 98.8 94.9 .
3 1154 1103 1041 97.6 91«5 85.7 80.3 751
b 1074 99,0 90.9 82,7 . 75.3 68eh 61,9 554
5 1008 8543 754 6643 5846 5141 43,6 3640

Phase, ¢H}degre¢s)

1 ~70e1 =6Le5 =67e1 =7146 =7645 =81.0 =849 =87,9
2 -97.7 -92‘7 -10006 -111.4 -122.1 -131.4 -13805 -143.2
3 -127.0 -11905 -132.8 -150.9 -16804 177.2 16703 161.8
4 =16348 =148.,0 =165.5 1678 142.4 123.4 111.6 106.2
5 1487 172.4 15644 118.8 86.2 65.2 53,9 5064
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Table 22,

Exterior Levels in Flight Run No. 12

(ANOPP Compact Chord, free field, £ =1)

Sound Pressure Level, dB re 20 uPa

Harmonic
H k=1 2 3 L 5 6 7 8
1 118.2 12141 12441 1269 129.5 131.3 131,3 127.3
2 102.7 107.6 112.6 117.6 122.3 126.3 128.1 123.8
3 87.0 93,6 100.6 107.7 114.6 120.8 124.4 120.8
L 711 79.5 88.4 97.6 106.7 115,0 120.5 118.0
5 55.2 65.3 76,1 87.4 98.7 109.2 116.6 115, 1
Phase, ¢H(degrees) |
1 «120e7 «127e8 =134,3 =140.2 =145.4 =148,9 =147.2 =118.5
2 «101e3 =114.,9 =127.1 =138,2 =148.2 =156.9 -162.6 =153,6
3 -8008 -100.9 -118.6 -13405 "1’4-8.9 ‘162.2 -17308 -17809
L“ -5902 -8600 "'109.1 -129.5 -148.3 -16509 177.3 16106
5 “3647 =70¢3 =-98.9 =123.8 =146.8 =168.6 169.8 145.6
Harmonic-. Sound Pressure Level, dB re 20 uPa

H k=9 10 11 12 13 14 15 16

1 1265 126,00 . 124.1 121,6 118.9 116.2 113.6 11161
2 117.4 114.8 110.9 106.3 101.8 97.4 93.4 89.5
3 109,1 102.1 96.2 89.8 83.8 783 7362 68.4
L 10k.4 87.8 771 70e3 64.9 5945 53.8 48,0
5 102.0 8641 7246 61.6 52«4  hL4W3 36,7 29.2

Phase ¢H (degrees) |

1 -7005 -6003 -6006 -6307 -670L} -71 .O -714'02 -7607
2 =105.6 =88,0 =90,9 =98.9 =108.,0 =116¢3 =122,7 =126.7
3 -15301-" -12008 -123.2 -137.5 -153.9 -167.6 -17604 17908
L 15246 16Lels 174e7 15648 137.3 125.5 120.4 1208
5 1149 78.4 50,9 41,7 42.8 L4t 51,5 59.3
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erence 1 to account for the blocking by the fuselége surface.
For consistency with the scale model test results, a maximum
increase of 4 dB is allowed, i.e., the right hand side of

Eqe (43) is multiplied by a factor 0.8.

The scale-model tests showed that the reflection effects dissi-
pate faster than the PAIN model predicts, so the computer gen-
erated field may be "stronger!" than the actual field. No
changes are proposed in propeller data input, however, until
ANOPP calculated blocked pressures are available.

5¢3e3 Fuselage and Cabin Modeling

The fuselage modeling is exactly as detailed in Section 4.2.2.
The structural modal file (identical to that in Appendix C) is
created using the input data specified for the business aircraft
as given in Table 13,

The cabin modeling is also basically identical. The floor
angle is taken as 50°. The acoustic modal file such as shown
in Appendix C (that output by PAIN) is created once the cabin
length is specified. Results given in Appendix C were for a
cabin length of 7.75 me In the present case, the length is
7.89 me Also the trim panel surface mass is different (1.95
kg/m° as noted in Section 5.1). '

Both of the input files (to PAIN) are complete, or sufficiently -

complete to allow use of the low frequency calculation proce-
dure for all 5 harmonics,

5e3els PAIN Input and Qutout Data

Input data for the PAIN program consist of the output files
from MRPMOD and CYL2D plus its own exclusive data. These data
are the same type as was used for PAIN input in the scale model
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tests. Table 6 should be consulted to review the requirements,

Damping

The structural loss factors of the bare (or untrimmed) fuselage
are taken as 2/ £ where f_is the resonance frequency. PAIN
will calculate trimmed fuselage "loss factors'" necessary for
the transmission predicfcions, i.e., 771', and ;7*1: R

The acoustic loss factors are input as zero so that PAIN will
calculate the sidewall conductance and then the loss factors.

The trim panel loss factor nT is set to 2.0 to force PAIN to
calculate (what is believed to be) the most accurate trans-
mission coefficient. Figure 54 shows the effects of changing
Nme The predicted interior levels will not be affected nearly
as much as these curves might imply because a resonance con-
trolled trim will also more readily absorb sound from the
cabin space, For instance in Run 10, reducing Mo from 2.0 to
0.2 increases the predicted space average level by only 2.75
dB for the first harmonic (104.5 Hz). It actually decreases
it by 0.48 dB for the second harmonic (209.1 Hz) and increases
it by only 1.95 dB for the third harmonic (313.6 Hz). An in-
crease of 4,58 dB is predicted for the fourth harmonic (418.1
Hz) and 3.73 dB for the fifth harmonic (522.7 Hz). The above
differences (quoted for blade downsweep) show that the trim
effects are not simply describable in terms of a transmission
coefficient (or transmission loss), but only within the con-
text of the PAIN analytical model. Until future superior
developments replace the present trim model, it is recommended
that 7, be arbitrarily set at 2 to create a trim model valid in
the frequency range from about 50 to perhaps 1000 Hz. Reference
6 may be consulted for review of the trim model.
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Propeller
The propeller is located as before by the variables r_, Zp9

and ¢ (Figure 36). As can be seen in the figure s is 2.35 m,
Zp is 1.12 m, and ¢ is 75° (recall that the PAIN input re-
quirement for @ is to the nearest 5° increment). In the
present case, the number of blades B is 4 and the propeller
rotation speed N is 1568 rpm. The blade sweep variable is

+1 (downsweep) or -1 (upsweep). PAIN must be run twice

since there are two propellers rotating in the same direction
and the interior levels predicted for blade downsweep and up-
sweep must be added (on a power basis) to obtain the pre-
dicted levels in-flight,

Pressurization

The effects of pressurization are accounted for (in PAIN)
through adjustment of the exterior and interior air densities
and sound speeds. The flight status is determined by the ex-
terior and cabin temperatures and the cabin pressure. The
correct exterior sound speed is 341.6 m/s. This is based on
on temperature of 17°C (Table 15) which is higher than the
standard at 5000 ft. The ANOPP exterior sound speed was

taken as 334.1 m/s which is nearer that of standard tempera-
ture, This was an error in the ANOPP input, but a difference
of only slightly over 2% less than the true sound speed is
not significant. The PAIN input duplicates the ANOPP input
of 334.1 m/s with an exterior density of 1.1012 kg/m®. The
interior sound speed is 343 m/s with a density of 1.204 kg/ma.
This latter value is based on an ICAO standard pressure alti-
tude (12.243 psia at 5000 ft plus a 2.5 psi differential) and
68°F in the cabin. Had comparisons been attempted at higher
"altitudes, greater care would have had to have been taken in
duplicating flight exterior conditions. However here the
errors incurred in predicting exterior prop noise are not
considered to be sufficiently great to force a re-run of ANOPP
for the three runs 10, 11 and 12, Estimates are that much less
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. than a one decibel change in exterior levels would result if

re-Trun.

Input and Output Data

Formatted input data for Programs MRP, MRPMOD and PAIN- are
given in Appendix D'(Run 10 only). Also given'in the same
Appendix are the propeller blocked field data output by PAIN
(Run 10) and the interior predictions for that run., In the
interest of brevity, similar input and output data for Runs
11 and 12 are not shown.

5«4 Comparisons to Flight Test Results

The fundamental flight test comparisons are summarized in
Tables 23 and 24 and in Figures 55, 56 and 57. The follow-

ing is a brief description of the findings:

1) Pre&ictions for four of the five harmonics fall with-
in the 99% confidence limits of the measurements (for
all three runs (10, 11 and 12)),

2) Predictions for L4 out of 5 harmonics also fall within
the narrower 95% confidence limits for Run 10, and in
Runs 11 and 12, 3 out of 5 predictions fall within the
95% confidence limits and predictions for the 2nd har-
monics fall outside by 1.3 and 1.4 dB respectively.

3) In each run, the prediction for the fourth harmonic
yields the major discrepancy.

L4) The sample mean error between predicted (downsweep

plus upsweep) and the measured space average level
is +4,3 dB across all harmonics and runs (15 datum;
. predictions exceeding measurgments) with a standard
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- Table 24, Sample Statistics and Acceptance Regions
for Interior Sound Levels (Table 23)

Hypothesis Sample Level Acceptance

Test Statistics of Region Accept?

on 3(a8) s(daB) Signii'icance (xdB)

All 15 datum
(3 runs x 5 4e28  Lo12 0.2 1.45 no .
harmonics) 0.05 2.28 no
12 datum 2.62 2.43 0.2 0096 no
(H=L4 excluded) 0.05 1.54 no
(5 harmonics) _ 0.05 L.L9 yes
Run #11 .56 5.2 0.2 3.71 no
(5 harmonics) 0,05 6e72 yes
Run #12 .28 408 0.2 2.80  no
(5 harmonics) 0,05 5.07 yes
H=1 » o 1.83 0.51 002 0056 no
(10, 11 and 12) 0.05 1626 no
H=2 6.5 0.56 002 0061 no
(10, 11 and 12) . 0,05 139 no
H=3 1.33 0.60 0.2 0065 no
(10, 11 and 12) 0.05 - 1449 yes
H:Ll- 10.93 1.76 O.Z 1.92 no
(]O, 11 and 12) 0005 4.37 no
(10, 11 and 12) ' 0.05 2628 yes
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F

deviation of 4.1 dB (Table 24).

5) Excluding the results for the fourth harmonic (i.e.,
using 12 datum), the mean error is 2.6 dB with a
standard deviation of 2,4 dB.

6) In both cases 4) and 5) above, a standard hypothesis
test clearly (but not surprisingly) shows a bias
present in predictions., '

7) Examined run-by-run, the sample mean errors ranged
between 4.0 and 4.6 dB and the sample standard devia-
tions between 3.6 and 5.4 dB. At a sufficiently low
level of significance, none of the three runs can be
shown to be biased, but actually this is due to the
large discrepancies beiween the predictions and meas-
urements for the fourth harmonics.

8) Examined harmonic-by-harmonic, the sample mean errors
ranged between 0.8 and 6.5 dB, but ballooned to 10.9 dB
for harmonic 4. In all except the case of the third
harmonics bias is present. Of great significance how-
ever is the low level of random error as exhibited by
a standard deviation of less than 1 dB for four of
five harmonics and only 1.8 dB for the fourth harmonic.

It should be noted that bias adjustments were previously made to
the raw data to obtain estimates for the space average levels in
the forward subvolume., Had those adjustments not been made, i,.e.,
if the head level measurements had been taken as representative
random samples and the average level taken as the space average
in the forward subvolume for the first two harmonics, the errors
would have been smaller (see the numbers in the parentheses in
Table 23 and also refer to Figure 58). The sample mean error
between predictions and measurements across all 15 datum would
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be reduced to 3.4 dB with a- standard deviation of 4.1 dB. By
excluding the fourth harmonics these become 1.5 4B and 1,1 dB

' respectively. As before bias is indicated. Now however the

mean errors (averaged across the three runs) for the 1st and
2nd harmonics are only 0.9 and 3,0 dB respectively with stand-
ard deviations of 0.35 dB and 0.85 dB. What these mean to the
eventual user of the PAIN program is a matter to be discussed
in the concluding section.

Next consider the accuracy of the predictions made with the
"high frequency formulation'". As previously stated, these
calculations are always output by PAIN, Thus there are conm-
paritive predictions for all harmonics where results from the
low frequency technique are available. At sufficiently low
frequencies predictions made with the high frequency procedure
may be spurious and if so, they should be ignored, Use of the
low frequehéy procedure i1s preferred whenever possible. How-
ever, as noted in Section 4.0, for large-fuselagés, the high
frequency procedure will have to be used above the first few

harmonics.

The results for the present flight tests are shown in Table 25.
Predictions for the first harmonics are spurious and are dis-
carded. The mean error for the twelve remaining datum (2nd
through Sth harmonics) is -1.43 dB with a fairly large standard
deviation of 6.26 dB. At the @=0.05 and 0.2 levels of signi-
ficance, a zero bias hypotheSLS test yields acceptance regions
of £3,97 and 2,46 dB. Since the mean error falls within ei-
ther of these bounds, the hypothesis is accepted.

Reviewing the results, it can be seen that the low frequency
formulation tends to over-predict, while the high frequency
formulation does note. Nevertheless the latter predictions
are to be considered strlctly supplementary in any instance
where nredlctlons can be obtained with the low frequency.
procedure,
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5.5 Understanding Sidewall Transmission

Appendix D contains a copy of the predictions for Run 10 (the
case of blade downsweep). There are a number of interesting
things about the results that lend to an understanding of the
physics involved in the tramnsmission of propeller tones. For
instance, the top five contributing modal pairs are all of
the following type: 1) either the acoustic and structural
modes are both resonance controlled (or nearly so), or 2) a
resonant or nearly resonant acoustic mode is coupled to a
nonresonant structural mode (exceptions mainly confined to
the 1st harmonic). In no case, however, is there a single
dominating pair of modes. In fact, the five highest contrib-
uting pairs are responsible for only 47.9% of the acoustic
energy in the cabin at the 1st harmonic. This value rises to
59.3% and 58.,0% for the 2nd and 3rd harmonics, but then falls
to only 24.9% and 28.1% for the 4th and S5th harmonics. Thus.

the propeller tones are being transmitted by a rather large

number of modal pairs. The impracticality of the idea of
moving modes around in frequency or changing the wavenumber
coupling to affect noise reduction is evident. However this
"modal insensitivity" is no doubt part of the reason that the
predictions are as good as they are., Furthermore, the re-
sults make clear that improved sidewall treatment will remain
the one particular topic of greatest need if further reduc-
tions in cabin levels (arising from sidewall transmission)
are to be achieved in these types of airplanes,
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6.0 FINDINGS AND CONCLUSIONS

The comparisons in this report have led to a number of findings,

~the most important of which are reviewed below:

1) In the case of the scale-model tests, the PAIN program
made unbiased predictions. The standard deviation of
the errors was about 4 dB (case of "a heavily damped
trim panel" after excluding the extraneous low fre-
quency datum). ' A

2) In case of the flight tests, the predictions with the
preferred "low frequency formulation' showed a bias
(on the high side) of between 2.6 and 4.3 dB and the
standard deviation of the errors ranged between 2ely
and 4.1 dB. Predictions made with the '"high frequency
formulation" showed no bias but had a high random er-
ror as exhibited by a standard ‘deviation of 6.3 dB.

2) Predictions made for given harmonics at different
flight conditions were found to be biased but the lev-
el of random error was extremely low as exhibited by
the small standard deviations, indicating that changes
occurring in interior levels caused by flight recon-
figuration are being predicted by the model,

A1l of the above findings are based on increasing by 4 dB, the
ANOPP free-field predictions of the pressure amplitudes to
account for fuselage surface reflections (rather than 6 dB as
originally programmed in the model). Scale-model blocked
vressure measurements imply that surface reflection effects
dissipate faster (as one moves away from the propeller vlane)
than the PAIN model admits. Thus the computer generated
blocked pressure field may be "stronger'" than it should be,
This may be offset somewhat by the use of the so-called ANOPP
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method 3 predictions which lead to a '"weaker!" exterior field
than would be predicted using ANOPP Method 1, Ultimately, the
blocked pressure predictions by ANOPP are needed to resolve
the difficulties, because regardless of the amplitude uncer-
tainties, there are virtually no data available to allow com-
parisons of phase differences between the free and blocked
fields. The PAIN program presently uses the free field phase
data (without modification). Future changes in predictions
that might be realized when the bona fide blocked field is
used are unknown,

6.1 Use of the PAIN Program

PAIN predictions made using ANOPP Method 3 propeller data

should be adjusted downward by 3 or 4 dB. The resulting nunm-
bers should be considered the basic estimates of the space-aver-
age levels in the cabin. Keeping in mind that random errors are
going to be present, a one-sigma band of about 3.5 dB about the
adjusted computer predictions will then give estimates of levels

~within which about 2 out of 3 of the flight measurement data

should fall., Approximately 1 out of 3 should fall outside the
band (hopefully by not much)., As time passes and more flight
comparison data are made available, this technique may need to
be revised, i

Calculations made using the high frequency formulation should be
carefully scrutinized., Although no bias was indicated by the
hypothesis test on the four harmonics 2 through 5, it is pretty
obvious from Table 25 that for harmonics 3 through 5, there is
a bias (an under-prediction) of more than 4.5 dB., This is prob-
ably caused by not including enough modes in the summation in
Ege (16) of Reference 1, Future validation work should confirm
this,

6e2 PAIN Validation Status
The propeller tone prediction capability of the PAIN program has
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been validated to the extent that, at the conclusion of the
present study, no significant changes to the PAIN program have
been shown to be warranted, It is felt that the present model
is "hamstrung" to a certain extent by the need for ANOPP pre-
diction -capability of the actual blocked pressure field on the
fuselage. Eventually, given this information, the PAIN pro-
gram can be modified to include effects such as synchrophasing.
In order to perform such calculations, the PAIN grid will need
to be extended to cover the entire periphery of the fuselage.
The length of the grid should be extended at that time to allow
predictions to be made for cases having high tip clearance to
propveller diameter ratios. Some consideration should be given
to reducing the grid spacing at the same time.

The cabin trim model is simple yet somewhat sophisticated.
Stiffness of the trim panel is not taken into account nor are
details regarding trim installation included. However, the
model has been found to be essentially adequate over the lim-
ited frequency range from, say, about 50 to 1000 Hz. Above

this range, sound isolation will be over-predicted because skin-
to-trim vibration transmission will lead to increased internal
radiation.

Noise Reduction

The PAIN program has noise reduction prediction capability.
However, the quality of the predictions has not been fully in-
vestigated., Studies undertaken in Appendix E of Ref., (1) were
extremely limited, The poor results shown in that work are,
however, expected to be typical for frequencies where the cavity
modes are driven in the stiffness controlled region and where
the trim transmission is dominated by the mechanical vibration
path (see Section 2.8 of Ref. 6 and Eq. A.22 of Ref. 1).

It is felt that the noise reduction calculation option in PAIN
should be removed (perhaps made into a separate program) so
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‘that the propeller prediction capability is allowed to stand

alone (at least until the extreme limitations on the use of
the noise reduction section of the program are clearly de-
fined; for instance, the use of incomplete modal-files must

be avoided).
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Analytical Modification of PAIN

The basic results of the analyses presented in Refs, (1) and
(6) inadvertently lead to errors in the calculation of the
fuselage loss factor ﬂ}: i.2e, application of the results
directly to the fuselage of Figure 1, without modification,
leads to a calculation of p, for a case where trim is in-
stalled not only on the cabin sidewall but also the floor.
Also there is a failure to properly take into account the
fact that significant modal energy of lower order structural
modes can be in axial and circumferential stretching motion
of the skin (non-bending). '

Consider Fige 1 of Ref, (6) and refer to Egs. (1a), (2a), and
(3)=(6) of that paper. Note that if trim is not installed
over a portion of the surface area (such as the floor), for
that portion

]

—h

Q
o]

= 0O,
Cp '

CW=T;C=O.
Let X Be the set of all points lying on the structure surface
covered with trim, and let 2 be the entire surface area (all
points). Egs. (1a) and (2a) of the paper can be written as

l(d(i'-i)‘!-CwG(i/i' jw))w, (X')dx' = /G(i/:':' sw) (p° (%! )-Cépja‘(i'))di"
«Q - 2'eQ (1a)

and

(3(2-%")+0w°cPG (/%' ;0))p5(R)dR = ﬁpwact/é (%/% ;w)w, (%) ak -
XeQ P P
TeQ (2a)

In the present circumstances, C_ and CP are replaced by

w
CAZ/X), cPu(R/x),
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where

ORIGINAL /302 13
OF PCOR QUALITY

H(R/X) ={, ! X

Rl

€
£

Note that since C_ and c¥ are nonzero, no change in the manner
that they are handled in the analysis is required. The fact
that these terms are discontinuous at the boundaries of the
trim covered areas is of no consequence.

Substitution for C_ and cP in Egqs. (1a) and (2a) gives

/(6(:':‘-2)+CWH(§'/X)G(§/§' jw))w, (X1)dx!
Q

- [o/a o P E)-gpiEE (1a)
Q

and

Jesaz paP PR 06, (/5 W) By (D e
Q
- -puacwap(i/i';u)w1(i)d3': . (2a)
&
Consider the left hand side of Eq. (l1a). Let

w (%) = Y ¢ 9%,
]

Then

[cacic-i>+c H(R'/XG(R/E;w) Y £ PXE)dR'
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Ciie..

=Zés(¢s(i)+/ CER/XWS(RG(R/X! 5w) dRN)
s 'Q

=Z€S(¢s(§)+[was(i')G(i/i';w)di').
s X

Now

'G(i/:':' sw) =an(i>wn(m
n ‘ MnYn(U)

Thus the left-hand side of (1a) becomes

D Ft
- Zes(q{:s(i)mwfz‘f’ B R yszryaxt)
s | . Xn MnYn(w)

. :
=Zes<ws<i>+<cw/m>z‘& fmzﬁ“(i')ws(i')dx') g
S

T MY (W) 7X

Now

; n=s

: ngs .

M
| fmpn<i')ws<§'>dx' = { S
Q 0
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In the referenced paper, it was an oversight that ./. above
was evaluated as fg « Note if X =@,

Z(W“(xm« Y (u))[mw“mv)w (%')dz’

ws<x)ms/msvs<u) = YIE/T W .

This yields for the left-hand side

D (oY @ EWFD),

S

which is the result in the paper.

It can be seen that the actual result should have been

2
Z(1+(cw/inM Y )/mws('x")di')é‘ ¥ ()

s .
Zechw (%)/aM_¥ )[mz/z (X WR(E' )" .

(s£n)
Let
M}SE ; n =S8
fmws(i')tpn(i')di' =
X,
X €psMs 7 B £S e
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The above becomes
GG, T
OF POGR G-

Z(1+Cv}4}s{/mMsYs)esws(i)
]
+ZZ¢ WREIC € M/mm T
S n
(s#n)

The last term (double sum) can be understood as coupling of the
structural modes introduced by the trim installation.

It is reasonable to expect that for all significantly trans-

mitting modes (i.e., those that are largely shell as opposed
to totally floor modes), that '

| €as <
and that'for those'modes_
Ny
7D e i
-_— € K1
ns
Nn' =

Assuming this is so is equivalent to assuming that the double
sum can be neglected, i.e., that damping of structural modes |
through intermodal coupling is insignificant because energy

flowing out of one mode to another will be replaced by energy
flow into the mode via yet a third mode., This assumption re-

duces the left hand side of (1a) to

D (e ARWNESSD
S
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where ORIGINAL PAGE ig

OF POOR QUALITY

- X
msz mMs/Ms .

Continuing, reconsider (la) which leads to EZq. (6) of the ref-
erence, In the present circumstance (6) becomes

- r T4
ST+ (C/BI MG + Ty = Gt = r;bl e

Thus no significant algebraic changes appear.

Now consider Eq. (2a). w,(X) is replaced by the modal sum,
(2a) is multiplied through by ¥T(X" and integrated to obtain:

/zpr(i‘)f(é(i-‘ )+pa.) 2cPu(%/X)G (x/x',w))na(x)dxdx'

This reduces to

rrt é + pw Cnffwr(x )G (x/x',u)pa(x)cxdx'
- —prC zlrses .
, 3

Following the analysis in the reference, the above can be
shown to lead to a modification of Eq. (10) of the paper, i.e.,

C, L CPow’e AT (n,r)
b = ‘ ¢> (X)dx .
i VG2 - k2) /
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Other than this, there are no changes.

It follows, that as a final conclusion, the"structural'loss
factor né should be given by the result

)% = oy |2/aRE - 2cin/mf o nl

(Note that the new variable m_is used only within the context

r

-of the calculation of n;).

A question might now be asked as to whether the trim coverage
is correct as related to the prediction of transmission through
the trim. The answer is "yes'", because the presence of trim on
the sidewall and its absence on the floor is accounted for in
Eqe (52) of the PAIN model (Ref, 1). Note that the trim trans-
mission qoefficient Tﬁ(:lcwlz) nultiplies only one of the two
terms in the braces of Eg. (52). A bar is placed over the -f,
in T'(n,r) to distinguish it from the term f'(n,r) (no bar over
-f) with purpose being to limit trim to sidewall and exclude it
from the floor.
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Program Changes

All recguired p*og*ammﬂng chanées to PAIN and its sutroutines,
or to auxiliary programs, are snec1f1=d below,

Program PAIN

1) Changes required to calculate the modified result
for n; as found in this appendix, letting
. MA=GMASS(IR,2) ; M_=GMASS(IR,1) )
Subroutine ETASTR
Line L7 to become
Wiz AIMAG(CW)*GMADS(IR 2)/GWASS(IR 1)
Line 950 to become
CMOD2=REAL (CMOD2) * (GMASS(IR,2) /GMASS(IR,1))**2

2) Changes.requiréd;in the calculations of'f'(n,r) and
" f'(a,r) of Eq. (52) of Ref., (1) related to misinter-
pretation of sign convention used in the program MRP:

‘Subroutines TONE and NRZD

Line 107 of TONE and Line 79 of WRED to become
FNR2=(FQM(IQ,M)*(FINS(N1, IR)- ’INP(N1 IR)))**2

Line 111 of TONE to become
- FNR2=(FeM(IQ,M)* (FlIS(N1 IR)*SQRT(TAUH)-FINP(N1,
IR)))**2

Line 83 of NRED to become
“NRZ.(FQM(IQ,M)*('ITS(Wl IR)*SQRT(TAU)- FIWP(V1
IR)))**2

3) Changes required to limit blocked pressure amplitudes
of propeller field to a L dB increase over free field
levels:

ORIGINAL PAGE 1Y

OF POOR QUALITY
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L)

5)

Subroutine PROP

Line 49 to become
REFL=(10,0**(0,3-0,000224*EXP(0,08*GAMA) ) ) *0.8

Changes to prevent printing truncation of large
values of generalized masses for narrow body
fuselages:

Program PAIN
Line 379 to become

6005 FORMAT (T10,I3,F8.2,1X,A5,F9.5,I4,13,
FPelsI4,F7e4;,F9.2,F843,F843

Changes to allow propeller input data to be of the
form-of that for blade downsweep only:

Program PAIN.
Following the Comment Card "C...Propeller Data", add

C INPUT DATA CREATED WITH ANOPP TO BE BLADE
DOWNSWEEP ONLY

C ~ PAIN WILL CREATE DOWNSWEEP OR UPSWEEP USING
ANOPP DOWNSWEEP

Subroutine PROP
Line 54 to become
DELPH=2,0*B*IH*ALPHAL(L)
Following Line 63:"2L CONTINUE", insert 12 Ca ds
IF(ROTN.EQ.+1,0) GO TO 30
DO 29 IH=1,NHARM '

DO 29 K=1,NK
DO 29 L=1,10
LU=L+9
LB=11-L

PX=PMH(K,LU, IH)
PY=PMH(K,LB,IH)
PMH(K,LU,IH)=PY
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PMH(K,LB,IH)=PX
29 CONTINUE
30 CONTINUE

ORIGINAL PACE IS
OF POOR QUALITY

Program MRPMOD

1)

Changes to allow acceptance of increased eigen-

vector output by MRP (40 instead of 30 eigen-
vectors)

Line 13 to become .
Ce e e MTOTAL=HIGHEST VALUE OF M CONSIDERED (MAX 15)
Lines 15 and 16 to become
CeesFOR EACH VALUE OF M (MAX NMODES=20)
Ce e « NMOD=2*NMODES (MAX NMOD=40)
Lines 64 through 67
DIMENSION STYPE(2),TYPE(2,5),FREQ(40),TYPNM(2),
- NMODE(40),
1 DMAX(AO),COORDS(ql),COORDP(41),DISPS(41,3,40),
TMODE(L4O0,5),
2 DISPP(41,3,40),GENM(6,40) ,GENMAS(40) ,DUMMY (700),
NA(700),
3 TITLE(16),NORD(700).
Lines 68 through 70
DIMENSION EVALS(72),MVALS(40,15),NVALS(40,15),
EVECS(40,13),
1 MVALP(40,10),NVALP(40,10),EVECP(40,10),MVLS(40,
15) ,NVLS(40,15),
2 EvVCS(40,15),MVLP(40,10),NVLP(40,10),EVCP(40,
10) ,TYPP(40)
Lines 72 through 74
DIMENSION FR(40,15),TYP(40,15),GMASS(40,3,15),
MVs(40,5,15),
1 NVs(40,5,15),EVS(40,5,15) ,MVP(40,3,15),NVP(40,
3,15),EVP(40,3,15), ‘
2 DIS(40,41,15),KTL(2)
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ORIGINAL PAGE 19
' OF POOR X
Control Card Changes QUALITY

1) Control cards for MRPMOD showing required DEFINE statement
needed to create direct access permanent file,

/JOB _

PAIN,TLOO,P1,

/USER

/ CHARGE
ROUTE,OUTPUT,DC=PR,UN=*,ST=*+*, FID=POPE, DEF,
DEFINE, TAPE9=STRS0.,
GET ,MRPMOD4.,
ATTACH,TAPE7=MRPSM4,
ATTACH,TAPES=MRPAM4,
GET ,MRPMODC.
COPYBF,MRPMODC,LGO.
LDSET(PRESET=ZERO)
LGO,PL=50000.
GOTO , SUMMARY.

EXIT,

/READ ,MRPMODL
/EOF

2) PAIN control cards (modified program PAINM) showing use of

structural modal file as direct access type.

/J0B

PAIN,TLOO,P1.

/USER

/ CHARGE '
ROUTE,QUTPUT,DC=PR,UN=*,ST=** , FID=POPE, DEF,
GET,PAINMDL.

GET,TAPE11=CYL50.
ATTACH,TAPE9=STR50,~—Direct access file to local file
GET,PAINMC,

COPYBF,PAINMC,LGO,

LDSET(PRESET=ZERO)

LGO,PL=50000,

GOTO, SUMMARY.

EXIT.

SUMMARY.

DAYFILE,

/NOSEQ

/EOR

/READ,PATNMD4

/EOF
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3)  CYL2D control card change required to access the Inter-
national Mathematical and Statistical Library (IMSL)
subroutines.

Instead of _

ATTACH, IMSL/UN=LIBRARY.
Use

BEGIN, IMSL4, IMSLCCL.
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Appendix B

SCALE MODEL PREDICTIONS
o Structural modes list (partial)
o Acoustic modes list (partial)
« Modal distributions '

In sequence for the 3000, 4000 and 5000 rpm runs:

« Propeller noise data (1st 3 harmonics)
« Interior predictions .
o Highest modal contributors to interior levels
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Appendix C

MODAL CHARACTERISTICS

o Business Aircraft
e Small Body Aircraft
o Narrow Body Aircraft
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ORIGINAL PAC. .5
OF POOR QUALITY

MERLIN IVC

15 é

10

s 3
30.0
?.27 0.84
4.354 13.66

TAFE 7 SYMMETRIC MODES

TAFE 8 ANTISYMMETRIC MOLES

SMALL DIAMETER NO. 1

15 6
10
5 3
62.6
13.0 1.145
5.34 15.48

TAFE 7 SYMMETRIC MOLDES

TAPE 8 ANTISYMMETRIC MOLDES

NARROW BOOY

15 é6
10

5 3

73.7

25.0 1.879
6.73 23.64

TAPE 7 SYMMETRIC MODES
TAFE 8 ANTISYMMETRIC MOQDES

=210~




e i e i i ¢ e e ot e e e . K
| S
| .
f .
— o R
| .
- - - S [ e N
|
. i S | IO | NS | S v 00008
0 0 0" 0 0°0009
e e Q.. ... Q. 9. Q. ___Q%Si€E___
0 0 0 0 0°006?
0 0 L9€ 1) 0°000¢2
) 0 0 1€e 9% 0°0091 '

; _ . o e e e = 90 — 0 17%4 (1 0°%0828 -
) ) €12 s 0°0001 —

_ _ e e el @ 69Y 9% 0°000 _ N
113 € " 82 0°0¢€9 1
wiz 091 $01 9 0°00§
o1t 66 u {3 0°00%

. } S S IURUSUUPRUNS | SNSRI | NS 1 I— ) ¥ 0°S1¢
ot v2 ot " 0°0¢z

- . - - e 8% &Y ke 2} 0°002
’" 6 i1 o1 0°091
1 L 9 6 9°521
9 1 9 2 0°001

_ I e i 8 Y Y ¢ 0°08
’ 1 ? H 0°€9

L . e - .9 09 9 __ 0%

€ 1 .
. . e o __GNYE® MY _ONYE N QWYY N UNYe N1
3004 16¥I4 §300N 40 ON  300M AS¥Id $300W 30 ON  (ZH)
B} .- . . IR Y 8 1.} & IS © |7 1 % S AININOIVA

! i NQILYHEUIND TYQON
[}
1
_ 1Jedda Ty gseutsng
]

433 43



ul S Oft3%%cb -8 19kEQ " O 18 WHAL 62 k24 XY
0043420%°L ol6S0° Yy S WHAS 09°1%2 &y ¢
.. 00416ESS°9 OLY¥0° 2 _6___ _hHAS__90°0%2 €y = °* @
00430006°L ©90v0°* £ 9 JANY o6E°0%2 2% e
00432409°L 9€090° % ¥y __ KHAS _b0°%2€2 _1y __°
00+308L6°y 22060° 1 6 JINY 0€E°0€Z2 0V ‘'e
R e _ 00439006°2 10990 € 6 AANY 16°62¢ 6E 0
00432404°L 99990° y € WHAS b66°%22 0E
... DO4IGESGY 956%0° 2 9. WHAS _¢0°tez_(E 2 @
00436%806°1 €90E0° 0 ot WHAS 62°1¢e 9¢
e e e e e e e - . . 00439006°L BELG9O0° _ € Y _ MANY _LO°6l2__SE
‘10430162°1 02900° 61 61 WHAS £9°%99 O00% 0043L20%°L %€%90° y 2 NNAS 20°612 %€ @
—_— . 10430162°01 £29900° 61 61 MWHAS 06°059 606F 0043220%°L LE990° y 1 WMAS _69°S512 €€
10439 TLE°T 29600° ¥l ol WHAS 9E°CS9 GQ6€ 004106£0L°€ 80190° Yy 0 MHAS  GG°%1lc¢ 2¢
o YOr3L969°T $0900° 41 01 WHAS  92°2%9 26 . 004309L6°Yy e6ev0° 1 8 BANY_9yy°lle 1€ 0B
104301621 %2900° 61 21 WHAS 09°2€9 96€ 004308006°L 2L%40° € € 1ANY L1112 O€
... T043E606°] 99600° 91 61  1ANY 90°LE9 S6E. = . 00436865°9 S1050° 2 L WWAS 69°602 62
TO+3%12¢€°1 S0010° el o1 MHAS  82°9E9 Yot 1 00438006°2 90610° £ ¢ 1INY 22°s02 92 § |
104329066°F €1500° Ll 9l NNAS 16°129 €0t 00439800¢°L ¢6140° | S § JANY 19°10¢ &2
10+4301s2°1 20200° KT WNAS 00°%29 26E 0043%064°c 2062w0° ) 1ANY 0%°002 92
e 1083€06085°T 16600° 91 8l JANY 09°229 16t o o 0043G9E0°T 69LY%0° Q0 6 WWAS_ 9l°6el 2 0B
1043%12€°1 0s010° sl L1 HHAS 99°229 Ot 00+430826°y §y840° 1 ¢ 1LNY 1E°Eol %2
oo JORILYOS Y 1YG00° L1 21 wHAS  B1°919  6W¢ s oo, 004706E56°9 29890° 2 9 WHAS_ _Je6¥) €¢
10436216°T 91800° st ol 1ANY 09°E19 o00€ 00+43G%E6°T L6€20° 0 9 wHAS €021 22 P
o J0430162°1 CEL00° o1 61 HHAS _ £6°219 48€ 004300L6°Y 94LE0° 1 9 IANY  80°94Y 12
10439yTLE*T S6070° et 91 HHAS  $6°609 90€ 00436€45°9 SO61E0° F WNAS §0°GLT 02 [
- . 10025092°1 99800°  YF ol _ WwA$_ E[°609 S8E . 00436ESS9 ZELEQ° g ¥ WHAS 96°191 el N
1043€606°1 9¢010° 91 11 1INV 92°009 %0€ 004300L06°Y 9%C40° 1 ¢ 1INY 60°091 91 ~ -
- . . 10034966°% €9600° LV 9% BWAS v0°'009 .€QE | 0043GYE6°T OETE0® 0 L WHAS_ 0b°¥sl il 4 &
00436E66°9 262%0° e € HHAS 10°1sl 91 >
. 004308L6°y 10%50° | I 1ANY _ ¥9°69l ot
. © 00436ECC*9 608%0° F ] WHAS  29°2%1 41
. ‘ - S _ . 00#36€55°9 09210° 2 T WWAS EY'L€1 El B
00430222°¢ €OET0° 2 0 WHAS  89°G6el 21
- . I . 004308406°Y 90910° 1 € JANY GE°EEl 11
00+365¢c6°T €9010° 0o 9 WHAS LL°2€1 OI »
00430846°y 09910° T ¢  RANY €8°€ll 6
004308L6°y 15020° T 1 IANY SL*LTI1 0
... 00%300699°2 2€020° 1 0 11NV 69°611 ¢ :
° 00436H€E6°T ¢2910° 0 ¢ NHAS S9°01T 9
- P el el L. 00%36%C0°] YLGE0° 0y WHAS  ¢5°08 ]
PY . 0043G69€06°T 91LL0° 0 € kiS 6E°99 L} »
3 004369E06°1 62961° Q0 & @ hHAS 92°%y €
PY 00+4369E0°T 0022L1° 01 KHAS ET*2z2 2
@_\uﬂ e e e s . Y0=3E2L49°6 00000°0 0 O = wWWAY 00° | ¢ [
= ¥O4IV4 1 0 5dAl (IH)  ON
75 . . e ... NO1Se3  SSOY _20UW 0383 3IQ0N
& =2 ®
_ . O - .S3C0N_J11SN0VIY
a% e i °
Z0 .
. oo e -
2 u ®
N o X © NN .

o




Y0-326%%°6  L9Y°IT 396°LE 90°6s . 9E16° 2 e v & CELul?

$0-36980°L 999°6 L50°2  19°1y 99Le°- 2 Llev*- 2 % 2uepl’®
o N0=39T29°6C__999°_ __ _866°22 _GACEZ._ _ @6L0°= 1  649Y° € & s6@5d°

$0-3651T1°y OEG°ST ¢EIS°LE %06°09 6els® ¢ Le09° v 2 1 T417 &4

av ev e

 BANY _¢0€%¢ 9y . ___°
WHAS LE°0%2 GV
_WWAS _gy'€Ee vy ¢
JINY  36°2€2 €Y

3
[}
L]
ot
"
z)

1433 49

e $0-36L0E°C 2006  OL9°LZ 9RCIY. . OL6Y¥? 2. 6249 v 1. yseel® ANy cee'2eg 2V
Y0-39€22°L L6S°Y  632°6T 69°2031 L2¥E°- 7  €00E°- v 1  T0SE0°  WMAS 60°TEZ 1Y
— 20-3695€°9  0I0°LE  909°  §9°0¢ 69290 1 o€e0°- & OV _€3210°  WWA§_ Ei'l¢e Oy
€0-3£2€2°1 010°22 26E°€s LG°€9  209%° T  0€29° 2 v  9L68I* 1INV EL°Y27 o€
e Y0-3SS6T°9 100°62 EORCOL  ETCAS  JLBL0- 2 229€° 1 2 YIE21® MWAS  06°2eZ O¢
90-3Y2ET°2 GYE'EE €21°  OG°EE  6%69° 0 QEE0° & 6 09010°  WHaS 222z L€
- ¥0-30026°9 §29°0%  GLL°GE 06°0y . 600€°- 2  LE961 9 § 990692  WWAS 11°912 JE
90-30129°9 291°82 126°02 OL°19  0029°-2 €006° % 1 w96L1° hWAS LE°E12 ot
" £0-30661°7 EOE°EZ G129y  90°6L . 99U = T 2906° € § . 96692° JANY €L°002 V¢ -
. 90-3006E°Y COG°EE <6I*  20°CEE  €O0L9° 0 12¥0° & 9 9GII0°  wWWAS 2T°66l EE
¥ — 90-39650°9 GEX° _ _CoR°Ql_0@°I2 _ GTF1° 2 OLEY® € % IY9YE®  WWAS 90°%el 2€
90-32600°T1 006°2€ €€6°  LL°0E  %120° T €%0°- 6 6 00910° WHAS 2€°961 1€
S 90-31006°6 261°_ . 960°42 YO1EE 2012 -1  949%° 9 2 9L2SE°  WHAS y@'6ol O¢
€0-32609°y  VOY°T  e0E°L6 9L°GIZ - 06ST°- §  0200°1 1 2  OLEvZ®  IINV 11°tel 62
- ¥0-39191°%¢  420°0  269°62 QI°6E 249y° 2  olsy® € ) LELYE®  WWAS LS5°161 @2
S0-36260°T E06°CE OVE®  ¥E°YE  2€69° 0  CESO® ¥ L wOYIO®  WWAS TOCTel 12
¥0-39€20°6 92U°E1  169°0€  60°L%  618€°- § 6919° € ¥ 9YE0y’ ANV GI°€l} 92
10-31620°9 9€0°0E 000°  96°0C  O9T0° T 1%60°- ¢ 9  €9€20°  WWAS Ol°0ll ¢
e - $O-39V40°2 9OY°YE 4997 9E6E_ GOEL® 0 6yL0°-2 9 6L220° WWAS 61°191 %2
€E0-3C09%°Y  $00°0E 90%°06 09°201 L021°- 1 2506°- 2 € 98S6E°  1ANY 00°991 €2
. L. Y0-22696°9_ 200°9. . STYIAN _S0°42  UY0€C 2 9UQE f € Y21y WHAS L1°691 2z
S0-30E66°6 €09°CE €29°T 60°LE  9I08° 0 90EI°~ 2 &  992%0°  WHAS 00°9¢1 T2
: £0-36970°1_S9°11 62692 o9°€12 L0€9° 1 02162 € 1 6621 ANV §L°0u1 O¢
90-30990°2 SEZ°0E 666°  ¥2°6€  0900° T  9%60°- 6 L  68020° WWAS 00°6%T 61 '
. %0-3T€96°6  LNRCE  QT9CHE 94y S€G20=1  9y0L® € € 466l6°  JINY 61°9%1 Ol My
¥0-3S09€°9 6C°6E 2€0°0T L9°26  0610°T 0  0L9¢°- 2 &  §UL91°  MWAS 0u°Evl 21 -
; 90-39916°2 L06°0E €90°1  99°6E _ 9E6L° T 6260°- ¢ 9  9ULE0°  WWAS o06°2¢V 91 O
¥0-3GE22°C 9GL VT 222°2%y WUSE9  2969° T T 06e0C-€ 2T 0%926° T JiNv aZfEl cl !
o €0-36202°1_ Q61°0F 992°L1 $Q°9€  LI9€° 0 0296° 2 3 €2%hy*  WWAS ge°s2l 41
¥0-3T4C0°Y 928°ET CI2°GE €6°6%  L0Ly°- T 999L° € 1 260%¢®  JTINY 2€°62T €U
i . _E0=36STICL _909°€  TLECYE E1°9y  BU02°U T 9%e6° 2 € 06409°  WkAS ey-eel el
90-32€00°¢ 916°0€ <02°T 0€°0%  2€22° 1 0260° & € 20%%0° Wka$ 92°tetl 11
: o 90-30L61°T  TSLC9E VEEC0 2oy L91TCU-1  legec- € 2 29%81°  WWAS GEEIl 01 00000
€0-30001°T  ZZ9°6€ €86°T €V Ty 60E2° 1 a01° v & OtiL0® WHAS 902116
60-39761°9 JOE°AE EFE°L 09°6y V666> 1 00¥2° £ 1 SL691:  whAS gz-ell @
€0-382€2°2 GIE*0 $OL°EE 62°9¢  92v%° T 92eL* 2 2 @8229° 1INV e2°tol !
i .. SO-ILEESL  6Y9°2y  2E°y  €0°0y  y206°- 1 2yv2 2 € 2690%°  WWAS  yyi2ol 9
€0-399€2°6 L21°y  216°0% 96°v6T  091€° 1 1204°-1 1 6696€° 1INV El°90 ¢
; L. 90-36099°1 TLE°26 26662 YIE0  GEYET— 0 6919 2 g LOVIE: WNAS 1viel Y
$0-32292°%¢ EEESL  €T0°%2 VT%0y  L192°-T  e%l6° 2 1 60629°  WWAS EL°L9 €
£0-39960°6 6IE°8  2C9°%€ 99°0& _ £6%%° 1 19491 2 1 61y¢9° JANY ¢0°9¢ ¢
€0-3E00%°2 202°22 240°2€ OB°LET 9060° 0 606L°® T & 69%12° WWAS 09°6E 1
GAIWF T R 3AVI4 P 1IINE  TVA0L  ANMI N SNND - SN W wO0BOYE  34AL (2ZH)  ON
C§ON) SSYN 03217vedN39 _ 3MVYW VI3WE SSLY 300M 0Jded  3I00W

S3ICUN TV¥NLINNLS




T . wU=JLecte ¥ VLR CicCc @ 20 Ui &ervedy € &ave s - 4 el mEEREESE s = = =

— 60=-36T19°% __226°2__ CAO®6 __6L°91 _ %261° E_0902° 6 2 QEZEQ® hWAS_I8°19% OIL ®

%0-3%106°2 629°¢ 210%22 96t 0L06°* ¢ 602%°~- 6 91¢%0° 1ANY  21°66% 601 ¢
60-39619°8 I8G°T _ SL1°9_ GL°01 _  2GET* € _ 6902° & §y__ 682y0°  hwAS__9E°6sy 001 P

$0-3990€°t  €9v°Y 12892 L9°et €291 € 13210 1 seuso* WHAS o6L°%6y 101 s

e . C 60-3968T°6 6S6°T  S0%°a  LTCIT . TeeI® B 69122 6 L 9YEY0' _ MHAS _e6°tey 901 ¢
€0-320€0°6 08IL°1 6s€E°Q g2t L7 A2 S eie* ¥6¢490° WHAS 00°16y 6OT '

- y0-32298°2_ LAE°02__BEA°02 £1°%y  0%¥9°= 1 9GeE°= E W 022Y0° LANY QE°Eyy %01  *

c

~

m

] SoiE0° 1iNY 90°24y €01
30-30E9L°€ . ¥19°6 . 960°L2 €0°0y_ _29T6° _1__ 0Doe9l- 01 T19260° JANY _S0°6€y 201
€0-31E02°6 €92°1 aviLe 28°62 yy21° € buge® 4

. Y0-301T9°E _2QE°E._  C6Y¥°92 SE°1E  _99%1° € _ G967 _ O Z4%90° __WHWAS _ TE°1€y_OQO1

’ 90-3%E02°C 600°21 ¢92°92 ¢s2°eYy 9%G6€°~ 2 2806y ° ~ L €¢69s0° WHAS  %9°02y o6

e S0=-31829°T _2TT°91 _15Y°21 E6°0F_ ¥IR2°~ 2 6%E2° 9 9 O%YEQ® LANY 22°L1y 66

s
$
s
£
%0-36€086°T 94%°6 cs9°21 68°¢€2 oo6t1e°~ 2 creer 2
€.
] 8LE20° WHAS bG°EEY 10T
§_
rd

y0-3C00T°E 006°Yy  VEE°02 1vy°92 $20€°- 2 TI6E* & OU 6E290°  LANV Y1°51y o
O %0-3ETTYCE _€00°21_ O16°02. 49°0€  L029°- 1 9eeyi= ¢ L e¥3s07 NV (GEly 96

¥0-3ET199°€  204° 812°62 9€°082 €204°- 2 929%°- € 6 @9240°  1ANY 9E°IIY Co

30-386%6°6 €291 QLE°YZ E9°LZ _ LOW1° € 9¢EE’ 6 8 E€VIL0° RHAS HE'O01Y 40

%0-36220°¢ 691° 9%2°02 1L°12 2660°- 2  4u1%° % 01 B6ZI0°  WWAS E5°60Y €6
$0-36621°6  955°0Z  9L1°02 66°6b_ 6ELL*-F EG6E® § ¢

182€0° JANY  %6°10% 26

%0-30969°2 6EY°ET 290°9% E€2°GET1 9202°- 1 0268°- 1 & ETy90°  IINV Z1°%0y 16

s %0-399S9°1 QE1°ZZ__ €9E°EL  EY'EE 1s€y° ¢ L692°~- 9 _ & _ _ETEE0®  JJNY 6G°loE 006
$0-30¥60°C 126°C  EEE°¥Z CG°LYy LO2E® 2 02L6°- 1 %  9LES0°  WHAS E¥°let o9
o L N0-36TL9°Y_ ES0°0 2YL°0€  LT°TY _ 4692° 2 1609° 6 9 GLELO®  mhAS 9y16E 88
$0-36022°y 908°%  191°9Z O0%°s¢ ¢ote*~ 6826* 6 ©  EYGL0° 1INV 20°06€ L9

¥0-3029€°¢ L2%° 193°12  11°€2  1490° P22y ¢ ¢ 25160° KHAS 90°LluE 99

e .. %0<-3T720L°C_YULE _ 296°02  10°4C 490¢°- 16280 6 11e¢l0° ummullwmummm.|umti!Am1||1
996e0° 1ANY  16°04E €80

4
€
$0-304%0°2 GOZ°€E eL9°L1 26°i¢ €9L9° 2 e2veE*~- 9 12411 M 1INV oL°EBE 69
P4
2

$0-39€90°1 O6GL°EE Y96°LT Go6°€E y95L° ygveE*~ 9 € = 3
— o L..%0-317%8°s 6E2°9  OV0°LE  16°9y  9€22° 2 9049 6§ 6 GEE80° WWAS Q1-GLE ¢8 oy G
¥0-366%0°2  925°0% 99L°6T 91°29  60864° 2  9%6€°- 9 2  T19€0°  TINY 29°9.¢ 10 ) _
$0-32620°2  96E*0Y 200°02 62°29  20€8° 2 ER0E°-9 1 999€0°  JINY 09°siE 09
af . y0-36ET6°C TSy° $26°12 ¥s°€2 6200°- 2 000S* % &  16060°  WWAS 60°%.it 6l
g Ty e et 9023962076 92970 096708 9Y12Y L620° 7 €219°= 6 4 0%640°° JANY OLELE 8L
X & ¥0~-3920€°0 2Z9L°Y  199°€y 20°99 GLL6°~ 1 99€8°- 2 9 WED60® 1INV O0G°OLE LI -
COME D oo ¥0=39062°6 T608°9  G2E°9E  CEYY 2092% 2 0E19° 6 % 40180° WNWAS §0°89E 9L
o O y0-3ET0€°C 601°Z  18Y°%E 10°6¢€ 691T° € 1219° ¢ €  16960°  WWAS ' 99°19¢t 2
3L _$0-3626%°C  92%°2  ES0°GE 6%°0f  E9ITS € 0619° S 1 LSR00° WWAS 99°69¢. YL
. = O $0-30€9%°C [9E°2  €00°%E @0°6E  9ETI® €  YOI9°® & 2  L9160°  WWAS CE°G9E €L
- 2O o ..._.%0-36219°2 06L°2y [9S°E] 92°LS_ 0669° 2 €Gyy' vy OF €29€0° 1INY 6EE9E 2l
o 90-306%L°% 665°9  19L°¥2 GO°EE 9€9%° 2 1decc~- ¢ 9 26980° 1INV getlse U
e M .. %0-30G20°Y  046°2 _$66°22_0y°lZ _ 9T61°- 1 196y & 9 24101 IANY JI°9%E oL
(o Ko ¥0-3226L°L L%2°C  G20°EY T1°8¢ 8906°- 2 C168° 6§ €  S6%01° 1INV 6G°SYE 69
$0-36200°6 _09¥°2  992°%2 96°0F _ 9GE2°= 2 L06%°=2 9 92060° WHAS 02°6yE 99
Y0-36918°y 6EL° 92z y2°se GL60°- 2  ¥606° ¥ 8  9Y96IL°®  WWAS BE€°LEE 19
e Y0=39280°€ BOCCEY 209U 96719 §049° 2 ooy _ Yy 6 0%090° BUNY €66 99
.~ %0-32228°¢ 6%8° 199°0€  T¥°Ls 661¢° 2 @064~ & &  E20I1* 1INV B2'G2E €9
e %0-27709°6  T00°YY  ELICIZ_66°99. . 20%91 %7 9S50 Y 8 VY90 1INY 09760¢ 49
¥0-31990°9 068°T  699°%2 G6°2¢ 2062° 1 €E66* 2 € 96121°  IINY 02°60F €9
__90-32206°Y__0%6* 091°%€  €6°2Y ZSOES 1 ¢E49° & € 22921° MINY }9°l0% 29
¥0-31%68°¢ 8%0° §29°22 66°¥2  020T°- T  9%%y" v L LESYI®  IINY 69°90C 19
e 2. 40=30960°9 €967 92762 ¥2°92 9201°~ 2 @26%° v L YE6YI® WHAS LL°00¢ 09
90-39TEC*Y €60° s08°LE 11°LL EEGO® 2 0€69° ¢ 2  95680° 1INV 19°L62 66
. L ... _EO=UYI9°L_YE6°SE  SIYES  20°1yY . 9S€6° 2 1646°= ) € EUYIL:  wwAS_ 162162 9§
¥0-39965°6 €06° GoT°YE L6°E21  6%91° T  wG1L°- 1 &  Ly620° 1INV 66°062 UG _
$0-32101°€__£90°6  §%8°62 00°29 9129° 1 92s§° 6 ¢ 96640° JANY 96148¢ 96
o $0-36604°2 L60°9  1E1°L2 26°0€ GEVES- 2 LYu6°- 2 6  20LET°  KNWAS B6°L8Z GG
-  90-36129°%  226°2 . 960°6Y O9°g6  Q¥2E° 1. gesLd 6. 1 __2E0L’  LUNY §GLuZ 96 b

LINY. 99°%2e? €6

C8PG® 2 9106°- € 2 YbEs0°

Y0-3€¥99°L 09Y°Gy  €y6°v2 G672l




133 43

| “§0-3Tt16L%*1 E9e’¢ BIGLE 26°%%%  %GLE% b T 96%9°- L 1 9i%y0° iy 99%ici el
TSI;I!!;:. _ e -i.-.:::;.!eqowmmwwwuulmzuq €68°02__%0°EYy  8660° € TVLY® L 6 BBEE0° _ WHWAS 16°16L 00]
30-366%9°T TECC  391°GE TE°€EY LTLI'- € T1€9° ¢ & 612%0° 1INV gB°06l 61T
e e 3&83“# ..:omn.. 42E°92_ 61°EG__ _EY61°— € _ 9L19°-~ 1 _ 9 _99620° __ 1ANY__EL°6%L__08L1
$0-30296°1 G21°SE  C92°5¢E 92°c8 %996° € 1%96° 8 2 90KE0°®  WWAS 2€°®8%e 21
".“uwwmmeon .H_..-Sn”mnEuﬁ,mpwnzppmem.‘l-.ﬁnp.... 2 8619° 1 6 96280° _ HNAS__26°9%L 91
| - : 160°02 ©Q€2°2y €0°L9 $206° € 0%19° L @  O6t6E0°*  WWAS 19°€és Ll
S L . .....-.l-,"ﬂ-wmxm.“i 2...:...-. COT Ty O%°CL __ _2106°_ € 06696° L4 T 29480°  WWAS 6L°0%L_ %L1
B - : o.o.' ..3.3 e..em BGL1° € %606°~ L ¢  16220° 11NV 19°0%L €Lt
—— . o .“ywummo%_-~Sw:s,!om$!:.2 L 26E0°~ € _T269°= L L __YBGED°___ WWAS _2i°9tL _ 2Ll
o.ﬂ :ﬁ.. 96E°tyY 20°29 9961° € S80L° L 9 960%0° WWAS oLl Tt B
o,ohuo.wm.nuul.o:anzh«ellmou:. 6%99°_ € E92L° L S By1%0°* WWAS _69°L1L 0Ll
Y 3.&23.‘ 260°C  MLY°LZ  ¥y°sE 1%62° € ©09%°- 2 Ol 969€0° IAINY EL1°11Z 691
R i . . 90-3T98T°2_ €SO°T _ €66°1Yy_ 40°90  QL€G° € 606L° L %  16UE0°_ MWNWAS. 02°90L 891
. B $0-35006°1 129°11 00T°9¢ 26°95  0916°- 2  1otL* 1 9 L2680 WWAS  26°%0L 191 T
e 3 "“uw“u““m“..z.m .-.zm.:;, €9°L6. __ 99292 € @L9L°- L € O6SEE0®  hHAS _ §6°669 991
2l i : o~o. Sn.: L6°0L2 T121°- € 1866° 1 2  ©6220°  WHWAS 26°Ge9 <9l )
- $0=326%0°1  OI%°L  Q22°€E _OI°ESX __164€° 2 Ledl°- 2. _0PL20° __WHAS Q1°589 %91
4 a- $0-32€0T°2 292° 19%°9¢  €9°2L SEL0®~ € OO06L® . . 9
- g yo-autor’e : . : : o6L*~- 1 L  EGLED IINY 81°189 €91
28 p .:-3% —_ =vm~m.lme-.3n!. 629¢° 2 ootL°- L 3 9LE20® WHAS 6l°LL9 291
55 .o&.#..% oa..o 126%62 E1°6y 2Y0%°- € 616" 2 &  169t0° 1INV 09°229 191
B m - ‘oou‘w:omu—; mnmu-- im:mww .60°H10__ 0021°- € QAL6°- 1 1 69610° 1INy 91°859 091
O..n.u. 3&28% e:.p :o.nn 9E*%¢ 2€9%% 2 120L%-T L ¥Eot0®  MHWAS 60°069 o6l
"wnmtsn.m 2;.: E.mno 0y°e96l  Y2G66° €  t4%2° 9 % 4l010° JINY  €9°6%9 8¢l
uon_o.~ e19°2t €99°1e t12°L¢ 9LES® € LE2Y® 9 ©  109t0°  1ANY EY°1E9 L6GT
s o ___%0-30Y%E0°1 _OFET° OYL°02 _ 06°TE2  EL060°~ 2  986%°~- L E__ 6SE20°  WNWAS 20°829 961
3&:2.- ..2.0 L0S°9T  06°¥2 0%LT°~ 2 19€® 2 O1 26EE0°  WWAS 19°%29 ¢ol
e - - I .- o S‘woa_@urim:.p-i-m.e.oml:-mm ___CUEQ°~ € EELY° L 6  101%0° WHAS _ £9°%09 461
?33..~ 919 129°c¢  02°€9 9101°-"¢  €tel® 1 9 216€0° Jikv 96°209 €1 1
$0=32609°2 L98712_ S6VEE OLIZL . €OL9:- € bOLGI- 9 L E09E0: UMY 591265 25l 0
oo. ncn.tn [ 1 Al § 3 6692°~ € €06E’~-1 9 490¢0° KHAS O%°166 1%1 o
- . . ’-nu -JEVEEE €021 J2LTIY _9ET9  09vE- € 9E96° L 8 91&S0°  NHAS  99°066_ OSI )
ua:o.n »Z. %8°12  o9°c? 00L1°- € 961%° 2 01 202%0° WNWAS 10°c¢ec 6%t
- - . e Y0-390TL°2 mmmua-i.@w"wm; 2E0Y  Y02E°- € €66 9 4 609%0° WNAS  22°005  9%1
o-u3~p.~ ~8.~ t6T°%e 9v°et T6TT% € 1496% 9 01 220¢0°  1iNV 9€°6.6 i41
3-:2....~ y£9°$ FAS 34 ] BN ¥ d 3 LLLE®~ € GRO9® 9 ¢  921%0°  WWAS Q1°%2¢ 9%l
| 30-30210°2 960°9  ¢SL°CE 99°%y GOLE - € 1229° 9 1  €98%0° WHAS 386°126 oot
e e e e e __._.._._%0-300€6°2 YSE°L _ 101°LE €L°9) 999¢°~ € gEYy9°* 9 ¢ L206%0° WHAS  29°04%  §%1
| 30~ um:o”u 00%°1L  0€0°LE OL°LY L16€E° € €269°- 9 & 999%0°  WWAS 40°046 €Nl
- } . o e Y9 mmuwm-mnl:ommq!_zuami_w-ow 0L6E°~ ¢ 1669°_ 9 € 919%0° HHAS B86°99s 291
$0- u::.~ Sy 0T M11°%°22 ectit 66L2%= 2 €90E* 9 9 t6¥E0° wWMAS we*E9c 18l
| 'ccmohoo.nulvw:m»[wonu[ﬁb[o:. € I81%° 9 ¢ y6910° JINY__36°09¢ 091
| $0-39966°2 BII*2E 9%E°GE 02°26 6L%1° € GEOL* 9 9  ELOE0*  JAINY 19°096 6El
e R . __%0-3T190°C_ 202°2 _ _390°yE _16°6Et  O%El° 2 l06s®t 9 6 €2850° JINY €E°eet @€l
, $0-36%€6°1 622° e16°LT  o60°61 LOLT®=€  Tulv® 276 1tz¥0° WNAS w2iics Qe
- e .,zuu::-w.::wumw-. 0SO°E2  62°2%  L2y%%- € 66G2S°- 9 & OL9E0’ 1ANY 62°6%5 9fl
80-36€90°T L€6°9. €20°12 1v90%  1602°-€ 690%° 1 1 ¥E020°  NWAS QETEYE CEl
| 3..“22”. QEZ°EE  220°02 06°6S 2064° €  21e6® 9 2 €4420°  IANY 6O°LES Y€l
| %0~ 33~.~ $26°2¢ OL6°EZ GO°L9 2604° € 9046° 9 1 &12t0°  1ANY 66°0eG €€V
IR o ] e Y0-3096T°1 906Gy - L2ECEL m_n:' _ %610 € 9962° € O1  GEYEQS  WWAS  11°0t6  2El
:Tu:.:.~ 009°T  S9T1°0€ 00°%¢ ¥081% 2 16€6° 9 9  66160° 1INV ec¢*@ic TET
. - o?u.omﬁmw, YOE®ET 126°L2 66°Ly  SIGE- € 0%66°- 9 % E11%°  JINY 9E°626 O€l
30- m.o:.‘ $29°C  O%v°9T  tlde2 L€02° TZ T elt€® ¢ Ol OELE0° T 1ANY 2st22e e2l
\ . mo.%;».. ..;” 920°6  Lt°11 BOYT®~ € 9662° 2 9 906E0° - WWAS EL°6lg @2l
! 0-30909°2 896 100°92 ¢€6°02 1622°= 2 ¢€19%°=-9 1 ¢L1s0° JINY 96°90¢ 12t
e e o — ) .. ¥0-36%10°%€ ,::..um!imop...w-,,‘,_mu@m|.,v T021°- € 0969°- 1 6  GU9E0°®  1INY 2%°%0¢ 92l
¥0-36690°T L4%°L 02161 6%°02 2002°% 2 16GEY € 6  206€0°  WWAS 98°l06 €21
e %0~ ue....mm.m!mmouu. €29°¢¢ ,..wm!..w . C60€°~ 2 9009°~ 9 ¢ 92¢es50° JANY  91°106¢ %21
30~ w:oo._ P10°% BGGCT ¥9°12 66027~ 7  GotE*- ¢ o  0EEE0T T 1iNV CEddey I
. MWWM.Wmnmmmqimmum 206 MGEVY € 2%02°- 9 L 62680°  WWAS 00°%6Y 22l




- o IVT3IL9IV 3 &76 cVva Ve oV 7eh rT&T e 7 ee%3I

- Ve A e EE = T

G0=38161°9 _ET2°EE  J9I°EZ_ L9°EL __ 9029°=%  SHSGY° B 9 _ l6h6l0°  WHAS _18°1llb_2%2 °

. 60-30€62°8 960°L ¢€9°62 9v°89 66%2° ¥ 9s9%*- 0 ¢ $6920° KHAS €2°696 192 ‘

G e e . . : . __60-32L0E°8 _ 66B°2 _ Se@°62 QE°EE . 09LI°=- E___TOEY! @ 01 __TL6€Q° _ KWAS_02°996 0%  °
€0-31086°0 06%°2 t0E*0E CG°¢ct 9uLI*- € 61ey* 8 6 L10%0° WHAS EY°E96 ©6EC s

GO-3EYHG°S GY0°S . 2%2°02 2U°LE ... 9E0%° % _@olsc° .8 _0L.._29820° __2ibY_ 9£°¢96 B€2 = 0°

€0-31220°0 666°T 160°0€ E0°€C 20L1° € 9tEy°- 8 ¥ $20%0° WHAS $6°096 LE€¢ "

- C0-32982°6 __%90°1 _ T121°2€_G9°%E  AIL1° € 0fEy*= 9 L. _9L1%0°  WHAS 29°966 982 ©

€0-32T19°y O1L°1 CS0°LT  bE°9E QE0¥°- & 196€°- 8 9 96120° 1ANY  19°9¢6 S€Z
GO-IYEEL'L . TG6°E2Z _€1Y°0C. 60°LL ._ 869%°= & _ 9016° B 6§ _ 1€920° _ WHAS _62°250 9%EZ
y0-3€¢90°1 t€2° 2%2°9€ 9¢°0Y 6t22° & %099°~ 0 9 oLesNo* WHAS 99°L1%6 EE?
C0-3T2%6°% . B36°Yy  2S0°LT _¥¥°92 . GYSE° . %  obSy* @ 6. T2020°  JANY _Q@I%9%, €2
€0-3199€°2 €00°1 €06°62 l2°tt €ao1*~ ¢ 001y @8 £9ye0° HHAS 6%°Evo 1€2
$0-36640°9__90L°9__ EE8°02  10°24  E%2E°= &  999%°= & %  eaul0® IANY 62°€%0 O0f2

60-3%628°Y 060°C  220°LT E€°G2 ¥02€° & 6%2%° 0 ¥ L0220° 1INV 20°EE6 622
L 60-36T8Y°9.__2y2°C._100°62 6G°OEY L4227 € . 20Ly'= @ 1 _ 99G10°  hWA§ Bzie2b @2z

: $0-326EE°Y $9E°Z  SYR°YT 00°12 TE2€°~- &  E9%E°- 8 &  22220°  JINV 66226 L@z

. SO-3LER0°Y_E09°6__ BS°9T _GR°92  SS0E° v 440€° 9 L 0y920° HANY w9°0lo 92f

Y0-3ETCET ¥06°6T 1y2°6y 9€°TL T600°- % 6096°- 8 & LS0E0°  WWAS 62°916 622

_ —_ £0-39606%°%  L69°E_ ELL°SL 09°1% EOTE® »  6y6E° 9 € 08820° ANV 10°Y¥16 Yee

$0-3291%°y GES°ET (Q21°L1l 10°L9 2vet® & 29%2°~- 0 LEST0° WHAS 99°216 €22
. 0-3T26€°9 90T STLCH2__66°22 _ 9%ER2°- % 0062°= 1 Q1 OLL£0°  WHAS ¢0°60Q6 ¢2Z
€0-3L922° Li2°¢ 9ES°yT  €9°61 6962°~ ¥ a12e*- 9 ¢ ¢L8eo0’ 1INV 0L°206 122

. _.%0-26080°Y  €40°2 _ 29E°€L1__0Q2°92 _  069%°- ) 80420 0.y 50120° ANV Q@’s06 OeZ

€0-3¢922°y lo2°¢t sy2 vyl 12°01 yeoe* - Lie*- 9 1 990820° 1ANY - 29°606 612
€0-302086°6  691° §90°1¢  82°6¢ 0¢0¢E"° 9629~ 4 € €oLE0° WWAS 82°S06  81¢

60-39166°9 _Q€6° L1L°¢2 _€2°%2 2662°~ 09L2°- 0 0 e0Lt0°* WHAS  €9°968_91¢ o

b
€
€0-32606°9 eo2¢° 0y6°22 69°¢? 0992° & l€l2° 1 o 9L1¢0° NHAS 96°206 L12 '
y
y
L4

3 = S0-3ETGL°L leE* 015°92 60°62 v29¢° 06EE° L 2 96LE0° WWAS £9°%68 €12 o~
= g0-32€02°0 _€19° _ 991°92 6L°92  26L€° v GGEE® 4 1 SYUE0° _ WWAS  9y:200 yl12 N

CTUU o T T T VT T Tgooagn eyt 2900 0%2°62  22°L2 TOEET v 2262° 0 L 6%WE0°  WWAS L0°068 El¢

g

. cz 3 §0=2G462°L0 ALY°'9 262°%2 I2'EE Y0%6° 9y  6SQE® @ LL280°  WWAS s2°689 212

T e T T T T A I 0023262002 106012 100511 66°€S 08060 v 6202°

c
oo S0-3testce 096° yy°le LE°0E o1I6E” b ce2e* 0 9 9Lveo* WHAS  6L°%80 112
_S0=-32€GL°6_ €L€°TT_ _9y6°01__22°16  L96%°— € ¢b9E°- “lw,l.iwmowo.!!«:mﬂllmo.n: o012

o) € LLT10°  WWAS 86°020 602
e 2 5 Y0-39160°1 _L06° SLLZEE _ YE'EY 2SUE° v we2y® 0 6 OLuE0°  WWAS  12°048 80¢
& 0

A

4 Y0-3E6L9°T 9L9°C ¢9L°9y 9e°0l 9sL2* ¢ eges* 1 T €60%0° 1ANY 00°t98 102

m SO-39G0T°€  £2%°9  SEL°0L _10°0X.  0691° € 00§2° I OF Ece0®  WWAS $6°058 90¢

G &5 60-26082°6 220°1  €2°92 22261 99¥2° & Edy- 1 £ 126107 1INV Gyee <02

- . 0 2 80-366%0%E  TILCLT WVECOL  GYCLE  {29€°- v 0061 L 2 E0YI0° KHAS 0LZLE6 40¢

¥0-32692°1 116° SET°EE  T€°08  €SOT° & 69vy° 0 €  99920°  WWAS 60°lt9 €02

——- . _._G0=310%2°€  LS2°%__ SEG6°0%_ 40°02 _ YLOT* € 6292° 1 6 411207 WHAS 9¢°6ty 202

SO-3LELEE GGB°8  €9E°0T €v°22 1222°- € v622°-1 @ 99%10°  WNAS 9%°0lw 102
G0-30€22°€  QIG° L1 __262°01 92°28  €20€° 2 ye@l°- 4 1 92610° WWAS 99°918 00¢

¥0-36%29°1 L91°1  264°6€ 10°69  S9L1° € 9lte° 6 9E8E0° 1INV 10°El9 661

U . _§0-3€696°C _STI°TT __249°01 96°92 809> € Q082° @ L 0LL10° HWWAS SE°100 @6]

_ : €0-3206T°% 262°91 €99°IT 2L%°€E  O9LE®°~ € 9262°- 0 9 0L910° WWAS 09°S8L 161

- e o Y0=30EYECT  YSY'OT_ COS°TE_ 06y 26620 € 9229°- L Ol E0Ll€0° JINY 987%6L 961

( , "%0-36€89°T TOT°S1 620°6€ €9°29  GL€9°- 2 L2%.° 1 Ol O€E6e0® WHAS 89°18L 6ol

€0-32169°6  001°§__ €60°y1 y1°2¢ 1609 € 9162°= 0 %  9y410°  WWAS 61°08L  ¥6l

@ C0-3IEE06°9 TIS°EE S61°22 19°102 6S61°- € O006E°- T &  10910° 1INV 86°92L €61
e o Y0=3E90L°1 _L6L°TT  169°0€  99°€€ 20227 € ¢90L°=L 6 661%0° IANY N1°6lL gol

o 60-32600°9 922°%2 189°y1 66°9y  #126¢° € E6LE* ® € 00810°  whAS €L°24L 16l

o ... %0-3%961°1 GEL°Y  296°92 O0Y°€E  OWlI*- %  60€E L @ 028€0°  LINy 9¢°1iL 061

e ¥0-3266%°T 919°9  192°26 61°0%  2168° & 2v29°- 1 1 960%0° 1INV I°y9L 60l
t - —_ $0-39662°% ECE°E_ YE€°92 QE°L6  €2LTC v 9666 - L 2 9L0E0°  MANY L€°29L €8f

. ¥0-3€020°T 009°0% 0.6°%2 66°2L  €224° € 2E06° @ & L2E20°  wWAS 92°19L LBl
s . _%0-3690S°1 T2L°9__ 929°%E 00°2%  2061°- % €699 4 9 422%° 1INy 0666l 981

e . e - Tan-102CC*T  QF1°Q2 AQATIE . NW°QA . AFCO® £ . TAOC® 1. AT . JCLENC. . NUAC _ .NCOACH LOT. .




G)=-3VY8L ¢ BYCCY ¢LY OF L&L 4¥E pLwY L
60-31068°% QLY¥°22 YBL°EE 1¢°*9u 1228 AN ]

. . e0-368€8°G EOG°TP  2LE°9E 02°bil . EEYYS E __20LL?

G0-3BBEL°E G92°TY 699°%2 6L°YO0T 66L%°- Y

R - 60=-320G61°G EY6°22 AGL°EE_ 96°€T2  9299° % 0469°~ QL € 9¢&i0°  14bY__11°0021 @0f

€0-3T216°9 GEt*e€ 292°Lly o61°10 8ESL® Y

e SQ=ATLOECL ETLCEE . £26°6Y  0Q9°60 . I610° % QLol®= 01 @ 066¢0°  JINY _06°94¢]) 90E

c0-3€2€0°¢C ©9E°¢ tEO'TIE €9°9¢ ¢002° ¢

T T €0-3220L°L TOG°BE 969°0% 22°00 . 19%0° ¢
- $0-35T56°Y OEY°Ol_ Co06°0F  €9°9%  JES2° 9

LR A S 2

wvss b 1L
6845° o1 ot

1862~ 01 &

tevvy

y€020°

1.9 L9410° __ MINY

GEVIO®

029¢0°

shinr =

WhAS  91°1621 T1E
JLINVY  §S°%B2T &0F

1INV 60°0821 L0¢€

G0-3%696°2 90E°LE €9¢°6y &lteg $099°* &
€0-3E942°2 OTE°GE €L6°LY G9°Yu - 066Y9° ¢

G0-30€2L°9 €S0°2€ OLS°1y 69°4L 108L2°~ %

o __$0-36966°6 _SER°Y_ . YOYCLE__e§°9y . 11022 6 6496%. 6_O1 e2sito0°
§0-3620T°0 EET°EE__9T6°CY EY°OL 26041 &  eV9¢L°= 0% ¢

$0-30609°6  %09°9__ T06°YE  60°9%y _ _2212°= €  yui§°- 6 €  EL080°  WwAS $E°1L2] 96¢

9LIC* 6 2  €£9420°  WkAS  10°9:21 S0€
GO=39TT6°Y _OLG°2 ___S6°0F §Y°I6 . 46907 % _ 0609°= 01 OF 46620°  IJNV Iy76Lc} 908

4918°- 01 2 91620° 1INV TL°yiel EOE

9066° 6 % €J220°  wWwAS €2°%l21 20€

1128°- 0T 9 6E0E0°  JAINY El°€L21 10€

WWAS _ 6yt2lel 00€

1600°- 01 €  200€0°  1ANY 0°2221 662

6920 1INy 46142) 862
€9¢L° ©O1 1 0©8220° 1INV G6E°TLel 262

C0-369€9°L 201°%€ IG1°Ly 08°20 Z6EB°® & €964°- 01 ¥ 20620°  JINVY 2€°ll21 g62
e o G0=39£0G°S  00S°0T _$62°%E _09°4) 6E62° % Bli6° 6 9 16020°. WWA§ 00°042] 96¢
60-36120°9 TI2°1L €OH°LE Q0°LY 0912° ¢ - 0%86° & 1 2y260°  wWAS 4v°0L2l €62
e L o 60=36290°L_ £96°62 SOE°EY Q2E°E6_ 6%00°- & _.OESL® . O] € 629¢0° IANY 66°0921 262
€0-30%20°C 180°¢  TZ1°9E LE°VS 8c8T" €  eves? 0F 6 - 00tt0®  WNWAS sE°2921 162
0~-3%982°Y 990°L  4E6°92 Iy'es 06€2°- %  £E0S°=- 6 .2  16910°  WHAS e6t°1921 062
= €0-30292°C 496°2  OTL°SE L1°2Y ¥96T1° ¢ 1866° 01 © SZEE0"  MWWAS 62°0921 682
— SR I W . $0-39162°¢ O0FG°E _ $1B'ZC_ 9%°6Y 66y1°* € 620%* 6 § $LLc0? WNAS O1°€621 002
% w . . €0-396TC°C GCoE* 299°6E  2T°€0T  6201° €  1266° 0T 1 €6020°  WWAS 19°9421 102
I:tan:laf‘,--;alil.(:;mmmwi|:za::;:x..|!aouuo~@nunaaummu_m|:b~anmw:lmmn_wwzlmuumunnn yLevye 1 6 d2010° JANY _96°0€21 982
e €0-360T9°y ©94°2  £66°0€ 16°99 T6L2°~- & O04%¥° OT & <e1120° WWAS 60°9221 ¢02
N €0-36160°4 GTIE°S  6Z6°0E Q6°IL * : f 91020° JINY _ju°6}21 %92
. G0-3G62€°2 OTJ°EE, CIO°EL O1°00T 9626°- ¢ L%lE°= 1 6 1%600° 1INV €L°2121 €92 .
e 40-361406°F_ TOL°_ T 6Y0°22 f2°1962 42E2° Y 015y-2 2 60600° JINY  91°9le1 282 o
€0-3E69ECE*Y Q69°¢ (12 8L T 9y°CLLT 2082°~ & oeon.l 2 1 $6600° WNAS 19°1121 102 -—
i s0-31292°6 _ €42°9_ 094°62  90°CL_ 9YEC- v SEE’ O 9 16910°  WWAS 9974911 002 o
CO-IVESE E O2°Z  SETSVE OT°90T 6492° & OLOE® T & T9610°  WHWAS 96°0LIT 642
€0-32264°% L41°  J49°%T  L6°T469% €2€1° %  4t06°- 2 |  S1010° ANV €¥°9L11 al2
€0-30225°% L248°1  202°62 SO°GHel 00vE° €  ¥106° & © G0600° 1INV Gy LIl Ll¢
R §0-326EE°T Q06°0T  VEL°L9 E€6°241  9298° 9  El6L°-Q € €26E0°  WWAS 60°66lY 942
G0-34962°¢ 6%0°2  986°GE 22°T61 2002° €  66cl° 1 ¥ 02610° 1INV 6L°6S11 Gl2
i _ €0-390662°2 410°62  YLL°YE 96°06 QLED®~- € WILE°- T 0  2E€010° 1INV GO°EYIl 442
GO-31669°C OLISTT 010°€2 61°69 - L06%° v 10i€°- @ 6 16910° whA§ €9°s2iiel2
€0-3GYLR°E LS6° - GGE°AZ HYOLR9 . 2%01° € 4y19° o6 .4 06210°  IINY (0°9111 24¢
E ¥0-300€0°T O060°L  €66°9y L€°02L L1%€%°-= % 9206° 0 9 20120°  WWAS yz°o0Oll 122
o %0-3%061°1 66622  204°€S  98°901  pz2dc v - 02¥9°- 0 2 684E0° hHAS €0°6601 0L2
C0-39E91°9 062°9T IvCGE 908°1yl 008€C*~ & Z2ty® 9 € 40610°  WNAS EE°8L01 692
e e R — 60-3£00€°9_ O44° _  OGT°L§  OF°96€  T122° & S0€L° 1 & 04010° 1INy 9%°L601 892
30-31021°T 900°2Z ¢€02°06 10°00T T¥9l°- & 1009° 0 1 GI%E0°  WWAS 19°6101 192

$0-39626°6 LEG°2E COY°6Z €¥°20 . 9290° %  169€°~ § OF 9%020° WWAS  9[°9L01 992

0-30T91°6 GOy°C GI6°6E GlU°6Y 96LT° ¥  9.92° 6 O 9t6E0°  IINY 69°0201 €92

i o $0-3E6E9°L 299°2  C02°CE  L°COT  E99T° 9 . 6EL9° 6 9 92€20°  IINY 46°0901 %9¢

| €0-39T82°0 062°C  190°LE 9£°9y 6602° & 90EL° o6 6 98860 FAINY 99°29071 €92
e R L 60-3926E°%  6E0°YT  SYUCTZ_ 6949 . 2066° ¥  GUbES~ @ v  L14210° WHAS {06°L1601 292

) €0-32669°0 TI¥'G  €60°LE 60°9%  T6E2® & QL0L® 6 8 096E0°  1LINY 9L°6601 19¢
. ¢0-3GEEE*Y  299°81 125°9¢ 66°18 LEYG®~ €  GEEL*~ b 4 62420°  JANY 19°%401 092

o _ €0-36290°0 GIL°C ¢96°LE O0€°LY 96%2°—- & ET0L°= 6 & G28t0° 1INV 68°6%01 662
o %0-3vceS°c 9612  9t°E2  EL°4v2 €951t € 9€0y’ 6 2 2%El0°  LINY 0L°6%01 862
o1 €0-36200°6 2TL°4E 214°6Z GL°06  OTCO*® &  129€°~ ¢ 6 GT610°  WWAS EY¥°6Y01 262
O .. S0-30%%%°9  90%°Y_ SI%L2_ S9°9Y LGLES % L%6%° 6 1 €SEe0°  JANY £6°%%01 962
T _ £0-36066°6 9L1°L ¥6°6E T6°0y ., 2002°=% OTTIL°-6 & 110%0° 1INY wE*y901 ¢¢?
¢ €0-2996L°0 069°L " $6E°0y ¥6°0Y  T1L62° Y 9y0L* 6 € 010%0°  JINY 60°1v0} ¥62
9 €0-32969°6 EEE°9 CUL°6E VG°ES 1StE® & 2989° & & O16€0° 1INV 91°0€CT €62
)s .. 80-306619°@  JES°L  EEE°GE Y@V 9y02°~ . sUY¥9°- 6 1 TBLEQ® LAWY €0°LE0} 262
v T , . ; CO-3TEY9°9 BEL°6 CEI°GE _00°0L . O0GLZ°-— & 9£c9°= 6 9 . ©9620° _ 11WY 9 it0l 162

_19t0021 001€

Clive

3




SUTJOS YL T Cery 9 ¢V B T €23 T« = 5 - - - o R R D

G0-3EL66°E YIE*9E (066°2y G9°90l CoLLt~ 6 2656~ 01 O1 %¢vlio® TINY 668°¢191 ELE
60-31064°2 . QEL*9  120°82 61°06 . L2TE€° _%_ _ o6ees°- T1 9. 2%210° __WHAS wi°1191 ¢LE
G0-32029°T 240°%E C96°ST ¥9°121 26%6° S 1929~ 1 ¢ %0L00° IINY  SC°T191 i€
G0-36TQT°E L4%°9  G6YE°2E _T6°TG . 190€°= € 01298 . T1 9 _ Q0ald% _ WHAS 96 w091 04€
60-31629°T %09°GE 062°L1 9L°201% 0618° & LLse* 01 6 19200° JANY - 6%°€091 69€
G0-IGEG2 E__%¥L°G _ SE9°YE_ 62°96_ 9£06°= & 2016° 11 0L 1i6lQ° hHAS _JE°2091 89€

90-31€0E°S GZU°SE 109°¢ 26°E¢ $298°~ ¢ 99¢1°- 0t £ 0€Y00° TANY  $9°0091 L9¢E
60-3060E°T  222°YE _EBY°2L 6Y°60_ _ OGEG® & 112%°=1_2 99900° _ MINY_ 6926061 99¢
C0-329€2°T OBSE°SE Ces°21 L2°011 €120°- 6 9162°~ 01 9 21900° JANY LE°YUGT 69€
G0-36€L2°T. 6SH°EE _TE6°ET __02°94  GEEG® & _ 690%°= 1. 1. 1900 BANY _ LT°9460 99€
¢0-392€4°€ 620° 996°1€  T1°112 $6€2°- & 166~ 11 6 OolloO* JANV  2L°e9s1 €9¢
ocnmuwhwhblln—thnilwmouwtllbnnbollllbmnnhilhlllwmmNhlthlblllhpwbbhlilbhznllhwhbmmalhbmlllllll

€0-3%ET9°T T90°€  €vI°9T 26°9¢€ TET® 6 0919°~- 0T 6 90110°  WWAS BL°96GT 19¢€

. 60=39182°F__609°9__ 302°0€_ 06°QL __ €922°- %  20f¢°= 11 8 11970%  JUNY €2]6ST 09¢
S0-3690T°2 §9Y°9E 9LE®0Z 8¢¥°GL L%€L°- & GO%%°- TT & TOL10° 1INV €0°GYG1 66E

. 60-36999°€ _699°L __ COE9E_29°Y01 _99EE% & (%49°= 01 L SLG10%  WHAS 0G°€Y6) BSE
G0-316608°T G6T°2  202°LT 99°201 - ¥862° & EOLyY* ¢ 6  SL6CO°  WWAS OE°6261 LGE

€0-3082L°€ 09€°81 9RL°YE SL°T9 . IGLE® § 4496° I1 Yy 2wol0®  JANY €l%Eeg) 9s€

G0-368996°€ O00%°T  348%°SE  99°dy BETE*- % 1066°- T1 L 6EE€20°  JINY 66°2esl s6€

. S0-37092°% _Q00°TT _900°6E  6E:YS UNES 9 0129 I1 € 99€20%  FUNY 66°E1G] ys€
, 60-3966%°y GBL°6  O0SE°0Y Y¥Y'ES 0L2€% & 60€9° 1T 2  90%20° 14NV 02°60%1 €Gt

. _60-3290€°y _TQT°l _GIG°0E _62°6Y  909€°- ¥  2029°- 11 9 J€620°  LINY 0060061 26t

€0-32012°Y 086°% - €Ey°ILl 9%°02 TL1E® € 6s1€e°~ 0l v 9%¢10° KHAS 26°8061 16¢E
60-34%19°y 102°0% 609°1% 089°%6  6GEE°~- Y 16€9°~- 11 1§ 21%20° JINY 26°9061 0sE

BT $0-31669°T 900 YV 9T 1¥°19E2 06 S  2L9E°~ 01 6  L1600°  WHWAS 1S°EOST 6%
1669°1 AR ‘1982 069¢° . s

o 60-30962°%  621°2_ _ 6TL°2y_ 99°6%  TLOE® %  96%9° 11 O 29620°  1IANY GY°E0ST 0%E o
o - T T T TTg0o36w0051 6%2°€  €6LSGL €y6L  ¥¥L2® & ONEET- OT & T8600°  KWAS 097eedi L%~
— - = - . £0-326S1°y_ 96E°E  202°9E_ A2°Ly _ U9T6'- 6 0gest IV 6 6v220°  JINY 7 vo'Sevl 9vE OO

o O G0-32€6L°% 906°T  499°2% G¥°GC  O0GHE® & 29€9° TT 6 06E20°  1ANY 2L°GCoyl GuE

- G0-3TL€L°1 T26°C  POE°S1 [§°92  O198° 6  9029°= QI 9 22910° WWA§ (9°66%] 9%E

=5 $0-30€08°€  ¥66° B00°EE &¥°6S  LSLE° %  s2%6° 11 9 20020°  1ANY €L1°2891 €4

e e . &0 . 60-38%l°T_EEG°E  922°6l_60°67  OLEES 6§ €90€°~ O1 &  @06JO°  WHAS Ju'llyl 2%¢

Go €0-39€GEST 22L4°2 210°2T1 66°61  €GOE°- ¢  TO1E® 01 %  21910°  WWAS €6°699] I4€

‘‘‘‘‘‘ .- B — . S0=3T040°€ LO0G°9E 06Y°92 GE°LEY  OYEL - 6 9606°- 1 0 22600° IANY 0679931 O4E

o Xe) €0-36VIT°T 906°T  968°01 1¥°12  6092° ¢  €9€2°- 01 & 2LE10°  WwAS 19°99%1 btt

S0-3ETLE°2 2GE°91_ SOL°EZ  E6°K9  S200°~ 6 GOEY" TL §  €0910°  BUNY (9°69y] OEE

60-3009€°Y 9TI°6 G9G°%E 9SE°E69  I4Y°~ 6  6899°- 2 &  96110° 1INV €0°1941 LEE
.. _$0-3%6T0°€_160°2 __€91°42 20°011 962€° vy su2y: 11 1  22210° JANY ¥9:06y1 9EE

CO0-3TELS°T 069°¢ CoT°yT €0°62 2%2* 6 022e°- 01 ¢ g6y10° WWAS  B0°6yy1 St

. $0-360%9°2 _§92°Yy __ S1°61 6§°221 _919I% v _ €€2y? 2 v 92600° WHA§ EE-OEY] HEE
€0-36€49°T 210°9  19%°yl  2€°4L2 €182° & %9002°- O1 O 90€10°  WWAS 19°92y1 EtE

e . SO=3ZELS°T__T6R°2_ TOEEL__20°Q€ _y002° 6 626¢°-~ 1

0
€0-30208°2  QOYSLI _£00°22 20°¢8  09€l°- & 019%°=1 € 00110°  1ANY BIS919X 26€
$0-39180°2 Le68°6 oyeLl tZ2°691 yLez* b cote* o6 9 2%400° JANY  €9°9141 1€E
2___16210°  WHAS €1°60y] O€E
9 11600° KKAS OE°ToEl b2E
e

S0-31909°T GGCT°E  Z61°%1 14°1¢ e222°- ¢  92le*- 1
... S0-39€RS°T_00l°9__ 200°y1 9y2€_ . Ol62° 6 ¢0S¢°_ 6 ve210®  hWAS  LG8BEL 6¢€

60-38660°1 $4y°2 486°91_ 01°yE J061° gy0€°~ 1 1 CEEN0° WkAS 92°62€1 92¢

.9

€0-36%%9°T €00°02 8y2°%l 90°%22 L2 U4 S €E62* o6 ¢ 10900° JANY oL°%6E1 L2t
¢
1

€0-31062°CE 219°0% (69°62 Y6°068 olLe9° 90¢%°*- ¢ ¥ 90010° JANV GO0°LLET SZE
i 33 $0€2*_ ¢ yE4et o 8 8L%00° WWAS €L°SLET %2¢

e - .S0-3Q%1E°1 T10°9  €20°21  LICESy  60€Z7 6 hEhe
60-30T26°C 668°6 069°02 12°901 0966°- 6  6219°- 1 2 09¥10° 1INV 02°yle} €2€
6N-3€029°Y BEY° T2  SEL°2E _12°4%2 _ 0619° 6  9eal’ E9€10°  JINY  6L°2L€l 22€

S €029°y BEY°T2 sEL°2€ 12°L%2 @619° ¢  9eeL® 1 L €YE10° ANV 6L°CLEl c¢ —
i

L
60-30610°2 069°0% 997°9T L8°09¢ €999° ¢ 600%° 13 ¢6500° JANVY  OL°EcGEl 12¢
£0-30008°Y RE2°G_ LES°YE $0°10% _ 009%°- & 2e89°=-1_ 1 e1€10°  JinY JO'EGEL Q¢E

€0-30866°T €0G°E2 OSTY°LT W$6°GEE  TL0¥°- &  1662°- 1 &  99900° 1INV 96°2GEl 61€
. $0-366062°Y  OYEST . 646°2€ 46°06€ 92120 Yy . 92990 2 & ZIE10°  WWAS_ 9L-yee] 01

. cD=3%166°%  0¥6°%E L198°0F ¥E°*242 A9ULC- 6 990L°='1 2 ZUET0° . DINV 6EC2VED L1E

CD=321£9°F 66°9__ 022°LE _€6°0EY2E €262°= & 6020° 1101 _92CI0° _ WwAS _4G°9291 %6 °

[ 3
L}
L]
ot
t
113

1338 4%




T "t '
e e (4}

B - . R e e . o
e . ) .~ - e °
S .. e e o
. ; I e e ®
S S _ — e . . @
e Y - ; I I . e — —

2] m e
W )
<S5
e - R R e _ . e
- — - . A 2 N — e ——— e ————— e e e = —————— _—— ——— . — —_ w
Z 8 °
L
-3
"R - e
- - - 0.. 0 c— - - - - s —r———— —————— . @-/

T 5 T T T Y e
. ~ o e
|
7 N i ] _ - e e SO=JELRGY  GETTZT  WYLCL2  QO°L1E  2661°~ %  §2sE* 21 Ol €9900° L1INY 29°4502 00y
| €0-326%0°2 192°2  GL0°082 €£¥°2¢1  BTULT® ¢ 0919°- 2t e 9Ce00° TINV T2%6tol 66¢ ®
| §0-39429°1 20L°L1 €26°C€2 66°26 YIES° 6 OY96° ¢T O1 968C0°  mWAS 08°0261 86¢E
V €0-3ELY9°2 OQIL°CT £06°9¢ %8°06 SEE9°~ €  B62L°- 21 OF 92EI0°  WHAS 2E°9061 26¢
S ~ e 80=32020°2 60270 SYZCOE  06°9SE  SYYY° Y LELS° 2 6 6LL00°  WHAS  26°S068 96E e

C0-IETL0°E 906°2 082°Z%y 66°6) 8061°- ¢  1€82° 21 O1 @9610° TINV 06°t0ol <b¢

| . ) o e .. $0-36921°€ 000°T  Cl2°ty_ 08°09 6E21°- 6 SUIL°® 21 @ €vil0° JARY 41°4i841 Yo€
€0-39210°2 LE0°T  19G*6€ EE'od GL21%- ¢ whel® 21 6 Oseiv® IINY 12%¢e01 t6€ *

§0-39660°€ 619° eLE2Y TE°L6 $20%°~- 6 gyeL® 21 L Mvislo® JINY _ 9G°6501 26€

60-3000L°T €2Z2°CE 9IV°12 00°262 ¢€OI0°- &€ o1.6° 1 0f €9900° 1INV 20°c20l 16¢
e SOIEGLEZ 09206 €L9°02  L9°20€  %02%° v 19%9° 2 9 TLU00°  WNHAS 69°9081 06€ e

€0-3TL09°T 66I°F  92v°62 6L°%61 O0€EE2°~- ¢ O12y* 21 9 22100° IINY €1°2091 6ot

e : e e S032E29°T VEYS 699092 106°202 6060°- 6 L60%°- 21 8 00900°  1ANY  §5°0081 08¢

$0-392€8°T 2TL°2  960°CZ 05°2€2 99€2° & ofov* - 11 6 97100° WWAS 02°cell 40€ ®
SO-30E0L°T 620°I1  §UE°22 EE°0€2  HGEC° ¢ 119e°- ] ¢ €0.00° JINY 16°8211 98¢
€0-36TT0°T 092°0€ 2T%°IT (19°L2T 9¢G66° G €%0%°-1 6 90600° 1INV 06°*cizt <8¢

. _ ) . S0-36EE0°E  9YY°€  122°96  29°697  SE9E° Yy 0999° 2 L wI010°  WHAS 90°%1L1 yeE ®
90-30691°€ 2TY°LE 6%E°Y O01°921 O06€6° ¢ oici® of o1 8v200° JINY  €9°%6691 €o¢

L . . $0-38061°2 269°L  L1¥°92  99°20€  EE6E°- §  GUEY* 2 L 28200°  )ANY 02°S891 26E _
€0-3689%°€ 202°2  TTL°9€ LG°E2T  1902°- & O€O0L° T1 0  1E¥10° wWwAS <¢0°1891 10€ o
S0-30E06°2 92E°%E £91°92 €9°IEZ 6€%6° G 999¢°~- T & €€600° I1INY 89°6691 08¢
S0-31605°2 T6L°6  $66°92 20°6S COLE®- &  2269° 11 O1 E€2610°  WwAS 90°6691 6LE

— . 90-3SEE9°C. N2ZN°CE_ Y0E°9.  20°69 _ _6606° & £0v2°=1_ 0. T19GO°_ JANY IL°E991 0if [+

€0-39929°€ 999°%  JE0°1§ €E°€S Y0T2°~ € 2644° 1T 4 91120° NWAS 62°QE9F LLE €

R SO=ILQTEE. 6UL°C .. _120°%E . QL°6S. . ELIE°—= C . _ 9CIL° 1.9 . BEGIO® __ WwAS_ O2°GE9I 9 *

CO-IRCAI*E ¢I2bc0 2TCeaC _ AP0 aA2PP0.. ¢ 2%as e TY a NITIAG . Lure . atencot ecae N Y




cLlive

.

. 1
s
e T B i . Q 0 0 0 0°000¢ )
€3 <L . 0 ] 0 0 0°000Y
. - S S 0 0 0 Q 0°0%1¢
oo 0 0 0 0 0°00¢2 )
ol o 0 Q 0 0 0°0002
< o 0 0 00% 1 0°0091 .
e - =0 0 0 8LE 22 0°0s21 o
oo 0 0 02¢ e 0°0001 W\
. e _Pu _ 0 Q 192 (11 0°008 o
0o 0 0 622 HE . 0°0¢€9 T
[11 91 201 LY 0°00%
92 (134 :n 1¢ 0°00Y
e ~ 0yl 901 011 11 0°g1¢ )
<L $9 16 12 0°062
e 9y 62 69 22 0°00¢2
_ 1] 12 €S ’" 0°091 )
£1 01 1y 3 ¢ 0621
ot ¢ 62 21 0°001
e . 9 y 92 3 0°08 _ )
< 1 €2 € 0°€9
U . ¥ 1 22 1 0°0¢
t . 12 )
e .- _ONYU NI QNYS N) aNyYs N} UnNys N1 Y
300N LS¥IJ $300W 40 ON  30UM ASWId S3G0OW 40 DN (M)
i . ALIAYD F4N4INYLS AIN3INOIWI
NOJJYMYNOINT IVOOH
_ 1Jexoaty Lpod TTeWS

P e




00+39605°L U6490° y 9 WHAS &6°2¢l BY ¢

. .00439902°2_ L%E80° . _E 9 . 1ANY _Se°I18Y1_ L% '

00+432L€6°1 SELYO 0 2t kNAS  96°6L1 9% 9
00430666°L £2290° &% G WHAS _ &1° m#ﬁllhullllll’l!a

00439902°L 61060° £ ¢ TINY  65°9%11 Oy

0043GLTE°L _92290° ¢ 6 MWHAS  §0° Hhhllnwllilllllm
00+431066°Y €L490° 1 ot JiNY oOT°llT 2%

00430666°4_€6990° % &  WHWAS _AE? bhﬂilh?l!llllll&

00439904°L 61%60° € 9 JANY  69°091 0%
Bbbubnbhoblbnbhbllllbl|hllllttbMllhhlhwhllbhllllllllw.

e ap

00+432L¢06°T 00050° 0o 1t HHAS  %0°491 8E
00439904°4 920060° € € JANY L6°€9% L€ 0000
00+43621€E°2 T1L1L0° WWAS E0°291 9¢

¢ 9
I1:l|!|||:.l|i||!i|m:ii|l|l|oo»unooe L SegeQ Y ¢ HHAS  9E€°291 &€
£ ¢

00439904°L €9%60° 1ANY  36°091 ¢
0043006%°2 L1640° % 1  WWAS BZ°091 €€

T104392¢9°T 96100°

61

ot

1INV .

(T A4 11

i-|!islA|UnlanhpEE=IpEE%

00%

00436664°C 2USL0° WHAS B86°6¢1 2C

y O
0043990L°L 61L60° t_ 1 JINY  6%°BS1_ LE
| S

004322¢66°] EEAI2° 0 2 2 hHWAS Ed°6Z

004322€6°T TEEL0° 1 KHAS  T6°01
10-10509°6_00000°0 @ O  HWHAS 00°

o

oo T04302€%°1 €20006° 61 8T 1INV SE°LLY We€ 0043T0S6°y 2€000° IINY  22°8¢1  OF
it 710+430212°1 96600° 91 01  WWAS 01°94y {6¢ Q0¢IEESNE _90060° € O  JANY SL°ASY 62 000
< mw T043%2€9°1 96000° o1 LT  1LINY 21°69y 96¢€ 0043GL1E°L €0290° 2 & NHAS  ¥2°2¢l B2
Z 3 10+430212°1_1¢€010° ._nmuxl!rm»a 20°69y_ GOF 00¢324€6°1 19090° 0 01 WHAS E1°6%1 L2
G a 1043226%°1 45200° 21 6 WHAS  €9°99% o€ 00431066°y 09%0° 1 ¥ JINY %0°Go1 92
= 1043976%°F 24€10° 91 o_ 14NY _§0°€9Y €6E 0043GL1E°L ELE00Q° wnlwnallummmntmw.m._ $2
oo T04392E%°T %6000° 61 9T  IAINY €2°19y 26€ 004322€6°T 0T10€0° 6 WWAS  22°¥ET  ¥2

_ 104302712°1 _99010° 91 91 WNAS 2u°Lsy  16€ 00431050°9 916%0° _ L JANY 16°EEl_ €2
10439020°7 €1600° 61 61 1INV 99°96¢e O06F 0043GLTIE L ¥E2%0° 2 ¢ WHAS 9G°EEl 22
10432206%°F 49200° 41 9l _ WHWAS _ 69°66Y 60€ 00¢3GLIE°L Q€9%0° 2 % HWAS  ¥0°¢21 12
T043916%°T 2E¥10° - 91 81 1INV 00°%6Yy Q€ 00431066°y 20€%0° 1 9 TINY  69°221 o2

o 100392EY°L £1600° 61 GL  IANY 69°ESy LGE 0043G41E°L 95€60° 2 € NHAS_ 06°611 61 !
T0430212°1 s0T10° w1 61  WNAS 82°0sy 90€ 00432L€6°1 OI8E0* O WHAS 0E°6TT 61 ~ G
19439020°F 26000° 6 .~|n~|||~»:_|lumnhwu||mmq 00¢35L1E°L _00050° ¢ 2 WHAS  64°50BL LT oy &
10432269°1 ¢6600° L1 41  NWAS 40°L%y 98¢ 00431056°y 22990° 1 ¢ IINY €2°¢1t 91 '
10039256°% 49600 61 o1 _ LANY 6£°9%% €§€ _90+3641€°L o1190° 2 1} WHAS _19°111 61
00432069°€ 14910° 2 O WHAS T8°011 1
00432486°1 gEE10° 0 & WHAS  0E°901 €1
° 00431056°y 05020° 1 v IINY E6°201 21
00431066°y €0920° 1 € JINY 90°6e 1%
° 00+322€6°t LTa10° o0 9 NHAS ©¥°68 OT
00431056°y SEE20° 1 2 JANY 20°6w &
® 00431066°Y 06520° 1 1 IINY ol°ss 8
o 0043064%°2 0€920° 1 0 JANY we°gee L
00+32L€6°1 0E220° O ¢ WHAS 16°%2 7 9

e 00432486°1 HL9%0° 0 Y WHAS  69°6% 6

00432/€E6°T €0260° O ¢ NHAS  9L°%y %
| 3
2
1
ON

1 o 3dA) (IH)
JQUN  O3yd 390M

WOV
NO11Sed  SSO1

53000 _DJIASNODY




aUTIJeCL IO ©

$0-32%0%°1 E€0Z°EE  L6G°GS 0¥ 46

$0-322%0°2

$%0-39%06€°0

Ve7? &€ 8 V&V VI e VES

oS

696%°E 2

- e -

Y1£8°~ £

9

4212y

14NY 202811

b3 |

660°€2 (9€°29 6%°96

2%6°90 266°99 (e°lol

9GE1°E-2

y166°2-2

CE0-YETLCT _ATG°0G_ SE2°0G  9SCEEN__L%Mec-~ 1 T€Y6°

9€¥s° €

LaoLc ¢

1

]

e 10=3€2%0°1_ GEE°SIT _COY*__ LL°6UT _ GEIG® 1 __95€0° & Ol 0¢g¢0°

8699y °

€29%€°

1INy 2O°% 11

2 2 _2I19e’  MANY QB°Ell 2%

JAINVY te*2ll

€y

1%

JANY _¢0°111_0Y

10-36%00°9 210°911 686° TL°9T1  626%° T %2%°- € 6 I%€20° 1INV TE°011 o€ "
90-39%60°2 O0I1°L11 £16° I1°01f  JOLY® I 1650°- € @  @E€6c0°  JINY GE°60] 8E o
90-3680L°2 GOL°STT 196°T 99°021 24%%° 1 6980°- € L 2E620° 1INV 06°101 L€
L o .. £0=3%692°1_166°_ _ 81€£°6G.__L1°6L 61%2°- 2 2%06° € €  4€919°  JANY 10°901 9¢
£0-39268°2 989°0% 910°09 22°991 0926¢° 2 €€99°- 1 2  1609€°  WHWAS 18°601° <€ o
e  G0-39L08°T__6GE°TZI $2T°c _ 6e°¥21  GTEY® 2 99El°- € 9 EL9E0® LANY 9v°e0f %€
GN-36EL6°Y 99E°92T €89°L GO ET 260%° 2 9622°~ € ¢ E0€90° 1INV 86°001 EE
£0-30£22°1_ 90%°21_ 220°%9 AHG°GhH__ BIG2° 2 2966° 2 & 92096°  WHAS L6°001 ¢€
$0-3999C°T GZO'EET 2%0°0T1 99°€cl 1€26° & @26€°-€ ¥  Teell*  JAINY Os°t6 1€
—_ L 50-26202°2 _009°91__806°yR_ @E°YES 98LY°T 1 . 29%6*-2 1 we0fel: H4NY ¢e’es ot
30-30022°6 916°ES 02€°L9 9L*9ET 2029° 2  1299°- € 2 LOEWY* 1INY 9%°6d 62
o y0-37104°Y  LE6CBEX _BSICYE  25°6L1  001§° 1 26lyc- € € E6Yell JINY _§6°28 682
50-38%998°2 OSTE°9ET L69°28 90°ES2 60€9° 2 62ul°- € 1 G6ClE®  TANY 02°2¢ L2
20-30€02°y 949°12  26G°S9 YL°TO1 9822° 2 1646° 2 @ 49E0S° WHAS 10°4L 92
20-39966°T 9L8°LZ V0€°69 EL°901 ¥962° 2 8Z0s* 2 1 10%96°  kWWAS 16°89 ¢
e £0-36666°T $06°6ST 499°907 00°00%  6L%L°- 1 9698°-2 2  9Y04iF° IINY  9T°E9 %2
20-309€%°T S62°6% .16%°20T 02°60y 9602° 1 9628°-1 1  LY1Ey*  1INY 60°66 €2
e —  E0=3ETILCY_010°2L_ 910°LG 20°991  §020°- 2  v229° 1 1 6Z69E° WWAS €9°Es  ¢¢
01-32600°L 6%6°60T 166° $6°901 L€EO°T T 1090° & O1 €2L%° wWWAS 86°2%y 12
iRl 60-32000°2 646°00% 961°€  62°211 €2IT°E 1  65I1° % 6 ©8%€90° KWAS 00°2y 02
mz\mw 00-32LT2°9 22L1°12 296°6% 0€°%L sesaeerl LGL9°- & ©  TL0%9°  WHAS 6S°1y 6l !
e Y P~ 11-38099°€ %06 °%01 4%0° G6°Y07  GoyE*- 0O 1%10°=- % 0 €E0%0° WHAS 9% °1Y 81 al
) 60-~36208€°L 980°06 O6E°Y GL°201 €O0G2°E-T1 6GyI°=- % L  %2920°  WHAS @2°1y LI N3
e B O - 60-309%0°€_ 926°007 GEE€°T _ 10°207  9E69°T1 1  9200° % 9  %2060° WWA§S 10°1y 91 N3
o 1T-3%€6L°2 990°401 €10° 6°y01 GL19€° T 0610° & 6 950%0° WWAS €6°0y ¢l I
<~ 90-3€304°9  Q@9Y°101 §96° £§6°20]  YOEEJ~1  L020°- § &  GYLYU®  WHAS 68°0% 41
20 10-3¢90€°9 166°101 €2€°T T6°EOT OQETy°T-T 4100°- % ¥  1%060°  WWAS eL°0vy El
Y . U - WO $0-39224°2  609°207 TEG°Y  9§°001  1622°2 7 09%§° & € 69640° WWAS €%°0y 21
Fw 0T-31040°T O09€°c0T 121° 60°60T ELE%° T 2620° & ®© 160%0° WWAS €9°0y 11
e~ DO~ -1 01-36209°¢ 6L6°SQ1 401° LI°907  696%° ¥ €2E0° % L O0Y1Y0°  wHAS €6°6t Ol
€0-390€6°T 000°2T 916°29 €2°121 Z2119°9 1 6Eov®- T 2  2€066°  WWAS 19°6t 6
60-36609°1 _299°901 S92°  €6°901  SL€6° T EGEQ® & 9 60190°  WHAS ¢gY'eE 8
60-36T60°y G2¥°201 €ECE° 18°20T 9066° T 16%0° & & 292%0° hHAS 1le'8t L
e ) . €0-3TE€02°Y 92€°26  OI2°C@ 9T Ll 6%26° 1 60%2° 2 ¥  @6sls® 1INy 9€°9E 9
80-32066°1 €0Y°00T $9%° 26°001 O0L166° 1 260%0° & & 2%E%0° WWAS GSE*8E ¢
e L 10-39T100°€  OE2°0TT 00@° LU IR  €026° 1  96%0°- 2 € 906%0° WHAS 9y°it Y
£0-3v609°2 09Z°601 120°9 6G°6ll 2606° 1 6O091°-2 1 9€060° WWAS 6L°9t ¢
90- . * b . 60°= ¢ 2 . §9660°  WHAS 46°SE 2
Y0-31626°9 ¢62°121 C44°2€ 0@9°6€2 EIvL® 0 6606° T T 12941° wHAS 06°t2 1
QA3¥F A 3ivid P 3HS  viol dNWD) dN _ SNMD SN W w04Jvd  3d4AL (IZv) ON
e (9%) SSYh 0321 T1Y¥INID Nvd 11308 $501 3006 D3wd  3IQONW

$300W_ IV¥NLIINYLS

J

W

./




-.‘
)

[ 4

aa AL ATD A

—

I . ; e e e e ) J
T S S - ®
. e e e R () )
e o o i o
e e o
e e .,..@AW.E\t [, e e .
7Y T
¢ oL
e =D . ®
o 3
e .l - . yz b
Z9%e) ®
£ o
R, m% . R . — ©
. N
. e (4
. 2 .
t
i o
e I __§0-31001°2_ 62L°_  0L6°TL 96°L8 2€90° ¢ 2E9S® 21 01 22120° 1INY  €u°4191 00Y
C0=396TE°T GGL°%  969°Ly T1°962 €OIT1°- 6 2€9€° 2T 6 206C0°  ILNV $2°9LEl 66¢ o
S0-39098°1  €12°91 966°2¢ 2E€°Y¥RQE 9002°- ¢ 9166° 1 OF ¢8¢00* JANY fu°S1¢]l Go€
€0-322%0°T 069°6 260°%€ 0°€L2 SE€21° ¢ E61E°= 2 @ 96900° 1INV 6L°GIET L6E
U _ 60-30610°7 OGL°01  J59°06  62°4E6 2201° 6 6Sy¥6°- 1_ O Y2uwoo* JANY £0°%621 96¢ ®
€0-31119°2 080°y 922°€L 08°L0€ 6€T.0° & 1669°~ 11 O1 B6EI0°  WWAS GE*LB21 GOF
e 60-360E1°2 600°¢  CP6°05 66°06SE €L491° % GE9E T O Ly900° WWAS W9E°E921 Y6F
C0-3264T°T 9¥0°%  292°EE $9°292 . 92T1°= € 90%E* 2 1  1%200° 1INV 9%8°6421 €6E ®
60-32226°2 OEE°LY  J21°¥9 G9°Y0EE 0022°~ ¢ €6L46° 1 6 00600° 1INV 20°1%21 2of
' ‘ 60-394%1°€ €E€G* C96°6L Y6°L01 O%L0°- & 9069° 1TT 6  11%20°  WWAS cl°ytel 1b€
' : — e 60-39212°€ 02%° 309°20  €E°SH 6200°- €& 9089° 11 8  19420° WHAS €9°6%el Oct ®
' 60-32001°€E €29y° 1L9°6L 02°% 1690°= G wis9 11 L 61420° WWAS 12°2lcl 68E
. . e i G0-3ITYTE T V6 §00°2€ 2L°6€2 €600°- 6 6LE€° 2 9  €0800° 1INy £0°6021 80E
C0-33492°€ 0CB°T  %81°20 06°c0T1 ¥OTT* & 0€9° 11 OT 26920°  WWAS 26°50¢1 Lot ®
§0-36299°2 912°9  GL9°69 26°919 2%02° % 164%° J1 6 06010° WWAS GE:061] 98¢
C0-31%62°2 L222°6  %62°2¢ €6°%09 29091°- 6 €@95° 1 6 00600° 1INV GG°Gb11 Gt
S U . s0-39098°1_ 91L°l _ Cl0°9y 26°001 4001° & 20%y* 11 9 92s10° WHAS  E9°0611 Y0E ®
60-34969°2 €99°2T CL0°T9 o1°09€l 60081°~ ¢ €206° T @ ITC10°  1JANY 22°9471 tet
i 60-360%9°%  IYLE_ 8L6°T6_ L9°0§E  EIvIt- v  GeE - 1] 6 SIL10:  WWAS ¢2°9911 c@t
60-329%2°T 026°T  66€°62 96°L0T 9I60°- & §062°-2 €& ©2000° 1INV 99°2911 I8¢ @
G0-30VEE E €92°02 SB9°YL GGUEGIT TN62° & 6% 2 @ €2210°  WWAS ol°2YIl Os¢
C0-32TSC°E COP°IT J69°LZ EO6°¥2T 92%1° 6  9216° 1T OT 09%20° 1INV T10°1211 6LE
L cD=3%%1€°1_M@26° __ 260°0Ff  OA°EEY  %6L0°- % EEY2° 1L &  20010° Ny _9eco0zii e2e @
C0-392C2°E $00°y  €29°%L GE°Y02 GBET® &  2%6%°- 1T L  16010°  IINV o66°0111 L€ €

~S0=3€260°€ __%6l1%%___ 191°99 _Q3°i€1 _ 10I1' &  BG3€-1 1.8 €2610°___IANY Gu°BO011 QI °

Arnss anrean 1coeTATY taare. & cotc® T1 A nrEEn® 1ANY G2°%011 6Lt ‘e




e @~ ©
~

:..\
E4}
s
P
P
P
0 0 0 0 0°0006 o
0 0 ] 0 0°000%
0 Q 0 0 0°05 LE
v 0 0 0 0 0°0042 P!
0 0 0 (] 0°0002
0 0 0 0 — 00091 '

e 0 0 0 0 0°0s2% & J
34\% 0 0 (1] 0 070001 o :
l 0 0 69¢ el 0°008. NG
¢ < 0 0 1134 69y 0°0t9 ' PN
g D 0 0 gL2 $9 0°00¢
LA 4 0 0 02 44 0°00%

“m o 90€ €1 Y} €Y 0°Gle pu
< O 8ve (111 19t LT 0°0%2
< 0O 261 96 Lot 113 0°002
B L ] 4] 7 5091 -
2 u 0¢ 1% €9 22 0°sel
(o )] 3 ¥e D) 12 %001
61 14 2¢€ ot 0°08 pu
ot 1 8¢ 13 0°ty
9 y L 1t 0°06
[ 91 @
ONve NI oNve NI ONYVY N1 anNYe NI p
Jaow 13¥lJ $3I00W 30 ON  300W IS3Td SIOON 30 OWN {IH)
ALIAY]) 34NLINYLS AJININO Y
®

NOITAVWADINT IVUUA

(1)

w 1J8I0aTy Kpog moxaepN

¢

* O O~ 3 O




- i - o o Tt T o T 00+3sc2L’6 621E0° £ 9 WWAS 19%*11L 0%
00438026°L 686E0° 2 01  WHAS 82°011 oY ]
00+30L82°G 680£0° 1 21 JINY Zl°011 @Y €
00430222°9 LL26%0° % % LINY %2°60T LY v
00+36E21% G2EE0* E S WikS  1Z2%a01 9% v
00430222°0 6L150° % € IANY 8Q°LO1 6V 9
00+30066°1 56920° 0 €1  WWAS LU*9001 &% L
v 00430222°9 %EES0° % 2 1INY 26°G501 €Y X
00+36€21°6 y0Gt0® € © WRkS  9%*%0L 2% °
00438026°L 8%%%0° 2 6 HWAS 06°%01 1% o
00+¢3022¢°09 2¢%50° % 1 TINV 9G°%01 09 ng
00430TTL°Y G9%60° % O 1INV  $2°%01 o€ 2
TO+3ITEITY LITT0Y 6V 80 WHAS B%°'362 00V 00+301082°G G9%%0° § 1t 1INV 1(9°E01 8¢
1043GEEC*T 98920° 8T 61  IINY 21°662 o6 00+3GE2L°6 0G9E0° € € WHAS EZ°EO01 ¢ q
T0+32¢it’T 12610° o1 8l WWAS O0t°26¢ 96t 00436€21°6 9LIED* & ¢ WWAS 09°101 9¢
10e36€€G°L €9L20° 8l ol 1INY 16°062 Lot 00+43G6€2L°6 168¢0° E 1 HHAS 19°001 &€
T0+3CETE T CL6T0® &V LT wWWAS 92°882 Jet 00+3L170°y 9LvE0° € O WWAS #2°00T @t q
T1043GEEG*T 1¥820° 91 AT  BINY L8°982 §6€ 00438026°L 656%0° 2 8 HHAS GE°66  EE
10736622°T %3020° LV 61  TINV 00°48Z ¥ot 00438066°1 IGEEO° 0 &1  WHAS 00°86 <t
T0+32ETE°T 62020° 61 91  WHAS 99°y82 E6E 004382082°¢ 2T160° 1 01 IINY 29°96 1t 4
TOFICEEL T 61620° a— c. TINV 10"t <ot 00+368826°L ®i6s0° & 1 WHAS d8L°%6 Ot
T10432€1E°T 29020° HWAS 92°082 16t 00438066°T 886E0° O 1IT  HWAS E€B°68 62
10+3196¢8°7 oaq«aqlrlqaamqallunawlnqﬁaqauluaa« 00+4301082°G 61660° 1 & TINV 23°%68 82 (]
T10+4366LL°T 8TT20° LT 8T 1INV  49°002 6&E 00+438026°2 91190° 2 9 WHAS 9%°68 L2
10+3GEEe°l ELT1E0® 81U <T  TINV EE°517 ®ot 00+430026°%1 G6El0° 2 6 WHAS 92°%%D 92
v 10432€T€°T 19220° 61 %1 WHAS lE*atz et 00+4368402°G 20%20° 1 ® IINY £2°€9 G2 d
, 104366L2°T (Tee0® Lt 1T TINV . &%°91I2 it 00+30066°Y 00910° 0 O WHAS L3°18 %
| . TO+3296€°T 89610° 9T BL  WHWAS TE°942 ¢6¢€ 00438026°L L9620° 2 % WHAS 99°18  €¢
) 10+35¢E8 T 56260° BT U TINV &O87SI2  SUE 00+38826°L 09120% & €  WWAS 1791 22 .
10+432€T1€°T GIEZ0® 61 El  WWAS 60°Y¥22 €8¢ 00438282°6 €1820° 1t L ANV EO°2L 12 ]
10739220°T BaETI0° ST 60U TINV 6I1°¢Z2 2%t 00930028 LX820* 2 2 WWAS WIYIL U< thy
f 10432028°F 600820° ST 61 HWAS GU°€E22 1€ 004380826°L 020€0° 2 1 WHAS 62°6L ot Ma a
| 10+436EEG°T ECEEO® BT €1  JINV Qg*2lZ 08¢ 00+39396°¢F 9¢0t0* ¢ O WARS - &0°%7 ©1 i 3
| 10436644°T OAE20® LT 91  IANY  9y°212 oLt 00+4308066°1 €8020° O & HWAS 06°€EL L1} 2
) 1043296€°1 0€020° 91 LI WHAS 60°212 eait 00F30LD2°% Y62E0° T 9 TIRV B1°TZ 91 |
| 1003261¢°7 43€620° &1 31 MMWAS 66°042 (L€ 00430202°¢ $2€20° i S 1ANY 290°6G9 &1
| 1043CGEEE°T 60%E0° 01 2T  ILINVY 6%°692 9 00+30066°L 16610° O ©  WHAS EE°%9 ol
3 : 00430482°G 86920° 1 % 1INV 60°19 €1 «
, 5T 5= 00+3080%6°% 8lo2o* 0 1 WRAS IU*1s 2V
| S 004382082°G %080€0° 1 € FINY 6T1°2¢ 11
) 00+30182°¢ LILE0° ( ¢ TINV S1°%5 01 e
| 00+4382402°G EY0%0° T 1 IINY 22°26 &
| 00+36€99°2 yytv0® ( O TINV t9°1s  ®
p 00438066°1 201€0° 0 9 WHAS 00°6% ¢ ¢
, =t 00+30066°U L9%%0° 0 ¢ WRAS  E0°0% 9
| M) 00438066°T 08690° 0 % WHAS L9°2¢ ¢
) £ 0 00+30046°T B0¥2t* 0 ¢ AWAS 03°%2 ¢ ]
| O o 00438066°1 12642° 0 2 WWAS EE*IT ¢
| & . .- 00438056°% Go9tI1°t 0 { WRAS Li%® ]
p . o Xe) 10432€E1E°T 00000°0 61 61  WHWAS 6%°962 1 q
IV 16 JIXT VIRV ON
. NO11Sd3  $SOD 3008 03¥4 3QUNW
q
$300W J115NUDY
143
X1 4
ot
[
" a

|
|



INTIVE IV % AYY : % vz v »° "> L @i B A b4 e el P - -
v0-3E915°1 0€2°606 %62°09 98°0.6 189L° 2 9922°- € L  €2680° 1INV
%0-39292°C  2%2°9  9L2°GOY §2°0€6  1990° 1 8yye* € 1 12601°  WHAS
»0-33608°€ LT12°y16 202°221 9L°6%9 8lI1°- 2 BG6E® € 9  6GI651° TNV
v0-3EE19°8  €9%°1  §§0°821 9g°2f2  9961°- 2 6219* 2 % 4b019° JANY
$0-39060°G  189°%G2 Y6E*Y9E v1°%G8  ¥IBE*- T 0G%8° ¥ 2 9232e° 1INV
v0-32110°0  209°€€G 222°692 90°2€8  €HE9* 2 92€9°- € § 62liz® 1INV
%0-32982°% 1%L°%01 E0L°Y62 €6°0Ey 98GE* - 2  6229° v T Loy 1INY
$0-32061°9 160°02 £2yI°021 G4°222 €9L1° 2 BELY® € 'y G009G° WWNAS
€0-38625°2 1089°81 6G0°€02 22°G%6 28E(°- 2 GOOL°- 1 2  SOYEE® TINY
£0-3080L°T 621°06Yy 66L°Y2€ 92°2€8  6v2$°- 1 6219° € 9 €E99€° 1INV
€0-3268€°2 2€6°68¢ 028°1€Z 29°088 ©688° ¢ T1L69°- T 2  %290€*  WWAS
y0-16296°F  £66°8E 266°601 28°652  LBE2°- 2 Tl%6° € E €Y¥5G° 1INV
v0-38012°9 6IE°Ly ELE 991 96°2%2  %661° 2 Gl0y° € €  LS9¥6°  WHAS
£0-3T220°1 669°2%€ 9BE°STT 2T°T€6  9s2L° 2 2€9€°- 1 §  6%l22° WHAS
v0-36662°6 219°6y 68Y°HIE 16°29y 09%2° & 289L°- € 2  0%096° 1INV
y0-3£668°8 006°06 9ES°991 29°T€L  1809°- 1 260%° 2 ¥ 41822° 1INV
€0-369%7°2 068°%02 L58°90€ 12°966 s1L%°- 1 11sl°- 2 € G6t6y* 11NV
vy0-3269€°y BIS°TE €69°9%T 62°2T2  9GET* T yy6€°® & 2 68996° HWWAS
v0-3C8E9°0 . L20°6L LE6°%ce G0°tes €€92° 1 0199°— € T »dcee® 11Ny
80-3EY0T°E  610°26€ 091° 22°26€ €086°~ 0  %2T0° E O1 620%0° WHWAS
80-3y2T1°¢ 100°26€ 162° Z1°E6E  26GbG® O E€910°~ € 6 CH0%0°  WHAS
90-31226°9 %26°€6E 91Y° Oy o€  2%09° 0 1220°-E O  GL0%0°  MWHWAS
10-36822°y 6G9°G6E BYL® €9°96€ ¥919° 0  Zic0°~ € 1  $ETY0°  HWHAS
e 90-301€0°2 2y6°06E 0¥S°T  66°00y  T¥E9*® 0  09%0°- € 9 082%0° WHWAS
m_mm C0-39c80°1 6%0°%0y Z60°€ ¥1°60y ¥€99° 0 6140°- € & 80L50°  WHAS
i a v0-39€22°€C BYI°y  GEU°B9T BE°98T  26%2° T 9Z0%* 2 T OL369°  WHAS
) G0-3GYET"Y OEB°91V 6YY°CT LY°YEY G¥2L° 0 HE2I°- € %  66E90°  WWAS !
. O v0-309T4°2 €10°0CY YYE°L9 €B8°6%S  2606° 0  9T1y2°— 2 €  TI6EL®  HWHAS o
o o 20=32291°1 1CE°0Y 668°E9t vi°0ccl 6ote° 1§ osie’= I 1 1628%* TINV o
= £0-3EYEG°T 296°201 ESG°6OE 22°069  956%°- 1 4E06°—2 2 00€26°  1INY |
) £0-31206°C 2LE°E2y 990°082 0€°L086 €9%2y°t 0 0169° T 2  9ZLLE®  WwAS
35O 0T-3%EL1°6 209°0GY GLL°E  9E°¥GY  GL98° T 8090° % Ol 266%0° WHAS
¥ u 60-3126L°1 6y1°CGy STY°y 1B8°LGy 2%98° 1 €0I0° » b6 689%0Y WHAS
ra¥Wa) 60-30066°2 GRE°9CY GOE®S  20°29% 0098° 1 €180° % 8  628%0° WHWAS
bl 60-38915°9 L122°00y €¥6°9 €2°L9y asge° U 6260° % 1  HI040"  wWHAS [
80-30TEL° 1 L24°¥9Yy 6€2°0  T9°6LY  64%8° 1  LEOT* & 9 1L250° WHAS (]
90-38062°9 EEI1°0LY 666°01 99°18% Ll€8° 1 Tilf° ¥ & 82950°  WHAS i
10-39190°y O0ZT°LLYy 222°%T 06°26% 9020° 1 6621°- € % 20130° WWAS 9
90=380€6°2 CL6°L8Y 280°2Z VS0°tis wlel® 1 ovll'— & t THeld®  whis 4
$0-30002°1 008°91% 26€°89 90°19¢ ET16°~ T 08%62° € 1 L0Ey1° HHAS v
C0-3¢660°C 000°216 26¢°I¢ 21°1¢¢ Ot69* 1 1G22°=t 27 BO¥60"  dWiS €t
€0-39126°2  GOG°YOT 212°222 S2°6LYy  920%°- 1 980L°-2 1 26684" 1iNY é
£0-30822°1 9v1°v98 ZLI°LOE vE°30GT 0%06° 0 gele® T T ©%062° wHAS T
BAIYF A 31v1id A I113nNs  1iDl aNH) 4N ShW) SN W W0Idvd 3dAl
(9%) SSYW 03Z11V83INI9 F1S AL 113IHS $501 I00W
S3I00W 1Y¥NLINYLS

:.

143

138 43




L}
|}

$0-39882°2 6€0°621 9%L°892 69°6LE9G ELBE°~ ¢ T1096° 2 0F 22610° IINY 1G°€28 00Y
60-380%0°2 GGG BL GH¥ Gz 90°t1291t 60KE°- ¢ 201L%° & 6 00210° 1INV 127611 66t
G0-3E90%°2  198°L  926°%L2 $8°6506 6680° %  69ES°~ 21 O1 96%10° WWAS L9°ELL 86%
S0-326TG°E 220°€  EL0°G6E 19°6G9  6Gl0°— %  62L°= 21 O WZIE0° WWAS G5°6Ci 6%
S0-31066°1  602°67 658°261 66°0961 G6LI°~ ¢  2266° [ O 28ET0° IINY 1%°86Z 96¢
S0-38%%1°T 0GT°12 2IE €LY 20°25€2 LLGI°~ € GZie’= eV & ¢l210% TINV BC*SEl Co
§0-39196°2 99%°2T  L6T°222 €0°6%69 2221° %  698Y° 2 6  €5910° HHAS 2E°62L Y6t
§0-3%00%°2 1I2%¢ 1ib6°2ic £9°6201 0€00° & CEGy® 2T 6 WS 120° WHAS 82571 €60
S0-38GL9°€ LEY°21 BIS°GYE 60°9LE  64%1° &  6009°- 21 01 %9050° KINY 66°I1Z 26€
S0-3%Y60°E 06b°6  %ei'26¢ COCLEE E2EI® & 28E5°= 21 6 B2350° TINV L9 LT —1&t
§0-380BE°E GLE*ET 202°GTE €S°89E  BOYI® v  RISG°- 2T 2  G22%0° 1INV 61°G1L O06E
S0-3TH6TTE ETETET SIV*962 TUPTEE  TaET® &  S0€3°= 2T & BLL50" TINV B5°STi—66E
S0-35695°2  620°91 G666°9E2 9G°T6E  26TI°- %  981%° 21 9 OLSE0" IUNY ZL°60L 98¢
60-J20%9°2 90227 062°%EC EOCOIOT OIZT = ¢ 28695 T & SL120° TIRV — 88°%07 it
$0-38602°€ §22°6Y 0818°092 10°5069 26€2°- ¥  G685°- 2 8  0ZLI0° WWAS S1°069 YO
S0-38263°E €V0°22 COL00C tUPEIOT 2001°= ¢  6Z09° (VT & 00120 TINV C9°809 26t
§0-30L66°1 222°2% €66°991 ¥8°I%12 99€2° ¢  GOSE°- T L 6E10° 1INY 9E°809 3@t
C0-IBTELT2  200°7 €96 W9 V0 OVOT 9%80°- ¢~ LSt3 = OV & ~C5610% WWAS J1°119-t8fF —
S0-3GSET*E  148°Y GL6°1%2 €2°619  8980°- ¢  8909° [T Y 90060° IANY 62°299 28¢
S0-39E00°Y 29y’ 92c ilc 19°y9% 1l0°- ¢ ¢vil® (T OT €L3%0% — TINV LE°199 18t
S0-399ET € 10E°5 '~ 2€6°292 62°G6%Y  2890°- ¢  6066°- TT 8 10GEO* = 1INY LE°999 oUf
S0-399E2°y  L9O°E  L22°€2C YO°'LYY  TL90°- ¢ 9B9L° T 6 15060°  BANY 96°869 6LE
§0-30692°2 671°002 1%6°%01 86°81ST T0L9°- &  vG9%* [ 01 28910° WMAS €2°069 8if
S0-IT6TG*E  TUI*BY BTE Y92 69°159% 2602°- §  4€26°— 2 £  20810°  WHAS 919969 L.t
S0-3€202°2 2%Y°202 269°801 00°SYLT L02%°- %  869%° 1 Ol 2E910° WHAS 66°GS9 9zt 1
60-36298°E 109°1  €69°%62 BL°16€ B1Y0°- & 1169°= {1 4  26060° 1INV 995369 <Cif €<
$0-3I8L{SE°E 006°3 0%9°6%2 96°229 1%60°- ¢ 10€9°* tTU € SBEED° IINY  09°0S9 Si¢ M./“
60-32L90°yY ©18°0€ O6H6TII°00E TH°INIT 9902°- ¢ €616°~ T1 9 610€E0° FINY BE®1%9 €it i
§0-3G520°Y  6E6°  0Y6°90% 16°096  06€0°- %  6004°- IT 9  $62%0° 1INV BE°S%9 2Z1¢
S0-3GT6Y°E 91°8  996°692 29°8Ls $911° ¢ 9L€9°~ 11 @ 08960° 1INV 06°Eyd Tit
90-30619°L 12E°Y12 €92°95  2Z1°9K11 0286° 6 2512°- TT O1 22900° IINY GL°2%9 OLE
S0-3IT6LI*E O01%°2 056°BEZ ¥6°GEE  62%0°- % 9805°— (1 ¢  E64y0°  TINV BE*9E9 69
§0-39988°y 626°2  §50°B0E £9°%201 $690° §  9€99°~ 11 2 ©22€0° IINY 61°%€9 @9¢
S0-3E629°E VL9°YE 816°06Z 9v°v2il L5€2°- ¢ 69%6°= 01 £ T0420° WwkS T0°2E9 I9¢
$O-3E0EL"2  62L°EST €EO°L12 69°%%6  9892°- %  OIL%°- 11 6 69Z60° HHAS 62°929 99€
S0-3E265°2 6EO°T  €6Y°L01 Y6°52€  56E0° V [Z85° TT & —02050°  TINV 99°529 Lot
SO-3252E°E  999°GL  9$9°9%2 09°92E€N  9%62°- € 2%6%°~ 1T 9 90€20° WHAS 12°929 49¢
G0-3G9EVSE  612°F  690°962 H1°E66T 9%10° &  €yee = [T T 90¢€20° TINV OC°SI9 €90
SO-3GSEE®S 002°E9T 990°EBE C9°%LS  00IC°~ ¢ %0€L°~ TT 8  E€9360°  MWWAS 19°219 29¢
G0-39ECY’Y 6t9'086 902 TIE 19°628  €Ea%° ¢  99%9°% T 9 —22150° HWAS €0 91U 19t
S0-36Y61°Yy 202°%8  959°682 ©9°60E  040%° G  €529° 11 O €L%G0° NWAS T6°G19 09¢
S0-3BE00°Y 9II%C6 699°112 OE'90%  SEL¥* & 9029° AV ¢ 63050° AwkS ZI'S19 63t
§0-38L26°€ LEYSYRL 290°242 $¥°26%  S0L%° 6 9609° T L  9%y9%0°  WHAS 2E°519 8st
S0-3¥062°E  610°YY CYVE2Z 20°6LE  GoW¥° G 268%° T 6 00€%0"  WWAS B1°T19 L%t
$0-36822°€ 528°2% 6E6°L12 62°98ETT YLEY°~ 6 8GL%°- T1 6 O0ESI0° HWAS €3°I19 9ce
50-31862°7 266°  890°L91 86°06¢ 19¢0° % 9609 VU € €Z%60% TINV SE°TI9 gt
$0-38066°2 E29°CE  699°%61 20°818T1  62%2° ¢  1006°- T 6  09810° 1INY 9%°809 &€
G0-3EBGL°Z €00 LT GEL°LAT 26°Ey6 widl°~ ¢  Icey° [ L 85220° TINV 63°309 €<E
§0-38096°2  029° _ 66Y°LLY 8S°98E  €9€0° %  999€° 1T 2  86%0° IINY E9°109 2of
$0-36966°Y 0E6°28 66L°12€ 62°6001 IE9€° &  1l6%° 11 01 G6%c0° JINV HE’009 1<t
§0-3%9LL°%Y 2E$°6L1 210°6%E LE"600€ L946° &  ¥806°- I1 6  92520° I1INY 82°666 OGE
§0-31606°2 €00°T 020°002 19°68¢  [LE0® & 0A9¢° (1 1 C06e0° TINV IC*065 65¢
§0-3964%°2 6G0°%22  992°€LT LI°L7%1 €ZIE° 6 9GOE°~ 2 & 1GLI0° WWAS 00°68¢ 0%¢
S0-3%21S°y V11760 G6E'2LT 1P%CIT  STIES =% TOE9* T 0 CS3E0" WWAS 62°095 ISt
§0-38YY1°E  669°GY B0Y°061 GE'008  GEG2°- 6  6EIS° O1 9  00520° WHWAS 56°G85 94
032617y 3y Za1T09Z SEUZIET %80 % 03IST 0 3 23520° WWAS 69595 TSE

ra__3nntass_ .

Lss snms=

AL mbma-

135 49




Appendix D

FLIGHT TEST PREDICTIONS

o« Input Data (PAIN)
« Run No. 10 (Downsweep)
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NASA FLIGHT TEST COMPARISONS: RUN NQ, 10
1.1012 1.204 334.08 343.0

21 '
S0.0 63,0 80.0 100.0 125.0 180.0 200.0 250.0
315.0 400.0 500.0 6320.0 200.0 1000.0 1250.0 14600.0
2000.0 2500.0 3150.0 4000.0 5000.0
.27 0.234 50.0 0.23
CABIN LENGTH = 7.8% METERS? FUSELAGE LENGTH = 9.27 METERS
7.8%9 0.00
£20.0
STRUCTURAL LOSS FACTORS
0.0400 0.0320 ~ 0.0250 0.0200 0.0140 0.0125 0.0100 0.0080
0.0063 0.0050 0.0040 0.0032 0.002S 0.0020 0.0016 0.001%
0.0010 0.0008 0.0006  0.0005 0.0004
ACDUSTIC LOSS FACTORS '
0.0 :
0.0
0.0
TRIM PANEL: INSULATION 2.1 INCHES PF10S+LINING OF 1.95 KG/M2
0.0S5 1.9S 28.10 2.0
0.0 0.0 0.0 0.0
1.8 2.1 2.7 3.3 5.0 8.0 10.1 20.0 -
30.0 40.0 SS.0 80.0 124.0 165.0 223.0 280.0
325.0 360.0 398.0 428.0 450.9
1.43 1.43 1.32 1.16 0.95 0.75 0.58 0.47
0.38 0.30 0.2% 0.21 0.17 0.14 0.115 0.01
0.08 0.045S 0.0S5 0.050 0.045
1180.0 1179.0 1177.0 1175.0 1170.0 1185.0 1150.0 1130.0
1110.0 1070.0 1035.0 $80.0 920.0 865.0 30S.0 - 73S.0
&75.0 4620.0 580.0 550.0 525.0
1.7 2.3 2.9 3.5 4.0 4.5 5.8 7.2
9.0 11.5 14.5 18.5 22.0 23.8 2s5.8 25.8
27.2 27.0 26.3 2S5.2 - 23.8
PROPELLER TONES ' _
FOUR BLADE DOWTY ROTOL: 2.89 M DIA, 1543 RPM, CLEARANCE=0,0&6 PROP DIA.
2.35 75.0 1.12 4.0 1583.0 +1.0

5 16 3

1 1 0.00 1.52 1,02 1 -.91487E+02 . 3732IE+02

1 1 0.00 1.52 1.02 2 -.S2204E+02 BE183E401

1 1 0.00 1.52 1.02 3 -.11721E+02 .« 11487E+01

1 1 0.00 1.52 1.02 4 . 29884E+02 c19901E+00

1 1 0.00 1.52 1.02 S - . 7187&8E+02 . 24433E-01

1 2 .15 1.53 1.02 1 -, 11272E+03 . 37273E+02

1 2 .15 1.53 1.02 2 -.94720E+02 «67S5SE+01

1 2 .15 1.S53 1.02 3 -.7S439€E+02 . 12022E+01

1 2 .15 1.53 1.02 4 -.55057E+02 . 213867E+00

1T 2 .15 1.53 1.02 ] -.33SS4E+02 W 37P04E-01

1 3 29 1.57 1.02 1 -.13034E+03 . 34697SE+02
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scale) fuselages, and

3) validation through comparisons of predictions with
measurements taken in flight tests on a turboprop
aircraft.

Findings should enable future users of the program to efficiently
undertake and correctly interpret predictions.
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